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Three novel cyclooctadiazabiaryl compounds, namely cycloocta-
[2,1-b:3,4-b']dipyridine, cycloocta[2,1-b:3,4-b']diquinoline and cycloocta-
[2,1-b:3,4-b']di[1,8]naphthyridine have been synthesized. The X-ray crystal
structure of cycloocta[2,1-b:3,4-b']diquinoline indicates that it should belong to
the C2 symmetry point group. In order to examine the ring inversion energy
barrier of these compounds and their derivatives, several physical methods have
been applied.
A number of metal complexes have been prepared for these novel ligands in
the hope of obtaining coplanar fully conjugated eight-membered ring compounds.
Based on 1H-NMR spectral simulation study, the relationship between the 4J
coupling constants and the degree of planarity of the eight-membered rings in
these metal complexes will be discussed. The X-ray crystal structures of the
copper(I) complex of cycloocta[2,1-b:3,4-b']diquinoline, and the molybdenum(O)
complex of cycloocta[2,1-b:3,4-b']dipyridine have also been determined. The
results obtained from these X-ray diffraction studies somehow confirm that the
eight-membered rings of these complexes have been considerably flattened due to
metal coordination at the two nitrogen atoms.
The' attempted chemical resolution of cycloocta[2,1-b:3,4-b']dipyridine with
chiral palladium complexes will also be described.
The copper(I) complex of cycloocta[2,1-b:3,4-b']diquinoline was found to be
a reductant at its excited state and could increase the yield of the reductive
coupling product of 4-nitrobenzyl bromide through a catalytic mechanism. The
reduction potential of the complex was computed from its emission and
UV-visible absorption data to be -1.36 V.
IV. Introduction
1. The chemistry of cyclooctatetraene and its derivatives
A. General introduction
Hiickel's rule, based on molecular orbital calculations, predicts that
fully-conjugated carbocycles will be aromatic if the number of 7C-electrons in the
ring equals 4«+2, while systems that contain Ann electrons are predicted to be
nonaromatic1. Cyclooctatetraene (COT) (1) which contains 8tc electrons is in
tub or boat shape. It has been established that in the theoretically planar state
of 1, two n electrons will have to go to the degenerate non-bonding molecular
orbitals (NBMO). This unfavorable arrangement of electrons in the NBMO
(Figure 1) might suffer from the pseudo Jahn-Teller effect2'3 and will make the
planar system very unstable. On the other hand, in the tub shaped structure
none of the double bonds are in conjugated relationship, so that the COT molecule
has the properties of those of isolated double bonds.
Figure 1.
B. Ring inversion process and bond shift process of cyclooctatetraene
COT and its derivatives are able to undergo two dynamic processes, i.e.
the ring inversion process and the bond shift process (cyclic shift of single and
double bonds). The former process usually takes place at a relatively lower
temperature4. To illustrate this, the bond shift process of compound 2 changes the
environment of the ring proton (2a—2c, 2a—2d), and the environments of the
two methyl groups are averaged in the ring inversion process (2a-»2b, 2a-»2d).
The AH, AS and AG values of the two processes were measured by dynamic
H-NMR analysis. The methyl groups showed two singlets at low temperature and
coalescence took place at -2 °C, the temperature at which the eight-membered
ring undergoes inversion process. The doublet arising from the ring proton
showed similar behavior except that the coalescence temperature was much higher
(41 °C), indicating that bond shift took place. It was assumed that both processes
prescribe the planar system as the transition state, i.e. A for ring inversion and B
for bond shift process, with A the more stable form (Figure 2). A later study
reported5 that a more favorable flattened saddle transition state C (ofT2
geometry) would correspond to the minimum-energy path of the bond shift
process.
Figure 2.
LCAO calculations indicated that succesive addition of fused benzene
rings to 8tc electron systems decreases the degree of anti-aromaticity, i.e.
increases the stability of these moieties6,7. The dynamic H-NMR study of
compounds 3 and 4 supported such a concept7. In fact two effects will be resulted
from fusion of benzene ring to a COT molecule: (1) the angle strain effect, since
in thp. transition state, the maximum internal angle must be onen to 135°. thus will
be retarded by benzene ring fusion; (2) the effect of electronic stabilization from
the fused aromatic ring. The lower energy barrier in 4 (13.4 ± 0.2 kcalmol) than
in3 (14.8 ± 0.2 kcalmol) was attributed to the larger electronic stabilization in
the planar transition state for inversion in the benzo-fused derivative. The
difference in the AG values suggested that to offset an angle-strain effect of ca.
2.5 kcalmol by 1.4 kcalmol, the electronic stabilization must be of the order of 4
kcalmol.
Figeys and Dralants8 reported the temperature dependent H-NMR
spectrum of 2-(hydroxy-l-methylethyl)-tetrabenzocyclooctatetraene (5a) and
came to the conclusion that a surprisingly low value for the barrier of ring
inversion, 5.7 kcalmol, was the result. Rosdahl and Sandstrom9 later suggested
that a higher value should be expected for such a compound in which the peri H,H




unfavorable, and the CH3 singlet observed in the room temperature NMR
spectrum of 5a could be attributed to accidental equivalence of the diastereotopic
methyl groups. They found out in their work that the lower limit of the barrier
for inversion of the eight-membered ring in 5b is ca.18 kcalmol and 26 kcalmol
in 5c and 5d9. Rashidi-Ranjbar and Sandstrom10 also determined the energy
barriers for ring inversion of dibenzo[2.c]cyclooctene (6) and its dihydro (7,8)
and tetrahydro (9) derivatives (Table 1). They were able to achieve optical
resolution for compounds 6, 7 and 9 by chromatography on chiral swollen
microcrystalline triacetylcellulose (TAC). The racemization processes for 6, 7,
and 9 could then be monitored by variable temperature CD spectroscopy.
H-NMR bandshape measuring technique was employed for 8, because it could
not be resolved. It can be seen clearly from Table 1 that one unfavorable peri H,H
interaction in the transition state is enough to offset the electronic stabilization
effect of the two fused benzene rings. Accordingly, it was discovered that the
energy barriers were increased considerably as compared with 3 and 4.
C. Planar cyclooctatetraenes
Interest in the properties of planar 87t:-electron compounds has lead to the
preparation of many planar COT derivatives11. Thus, removal of the orbital
Table 1. Barriers of ring inversion AG (kcalmol)
compound AG compound AG
3 14.8±0.2 7 24.5±0.1
4 13.4±0.2 8 19.5±0.3
6 30.0 9 23.2
degeneracy of the theoretically planar symmetrical molecule eliminates the
operation of the pseudo Jahn-Taller effect and the COT ring might therefore
become planar. To exemplify this argument, COT radical anion 1012, tetraanion
ll13 and the benzo COT radical anions (compounds 1214,1315,1416) as well as
dications 1517 are essentially planar according to ESR spectrometric, H-NMR
spectrometric or electrochemical studies14'17.
COT's annelated to small rings also lead to planar systems (compounds 1618,
1719 and 1820) since in the polycyclic structure the symmetry of the COT
molecule is diminished and hence the degeneracy of the NBMO is removed. In
addition to this, the strain exerted by the annelated rings also contributes to the
flattening of the COT species. Of special interest is the olefinic proton resonances
in the -H-NMR spectra of compounds 16, 17, which show pronounced upfield
shift when compared with nonplanar 6. This phenomenon indicates that a
significant paramagnetic ring current is associated with the planar COT portion of
these compounds and this observation is considered as evidence for planarization
of a COT derivative2123.
Acetylene incorporation and organometallic complexation methods have also
been employed for the realization of planar COT systems. A number of
derivatives of cyclooctatrienyne (19) were successfully synthesized (viz.
compounds 20, 21) and the X-ray crystallographic results show unambiguously
that compound 20 and 21 are coplanar molecules24. The complexes 22 and 23
alt contain planar rj8 COT ligands due primarily to the complexation of
uranium25.
2. The chemistry of diazabiaryl ligands
A. Conformational mobility
The chemistry of diazabiaryl compounds such as dipyridine (dpy),
diquinoline (diq), and compounds containing polypyridyl subunits and their
complexes has been a matter of considerable interest in recent years2631. X-Ray
crystallographic study reveals that the free ligand 24 exist in a frarcs-planar
conformation 24a in solid state for maximum conjugative interaction and for
minimum lone-pair repulsion32'33. Dipole moment studies show that in benzene
solution the structure of 24 is still in transoid state 24a rather than in cisoid state
24b, with a net interplanar angle of between 20° to 30°26. In the complexes
however the dihedral angle defined by the two pyridine rings becomes 0° or very
close to 0° (eg. 25, 26)34'35. The most significant structural feature of these
diazabiaryl compounds is the variation of the dihedral angle a as a function of the
length of the annelating bridge at the 3,3'-positions (Figure 3) and thus influences
the shape of the chelating envelope36,37. While the trimethylene bridged
diquinoline (n=3) undergoes rapid conformational inversion, broadening and
coalescence of the methylene H-NMR signals of the tetramethylene bridged
compound (n=4) were observed only at above 135°C, indicating that the barrier
to inversion is sufficiently high and the molecule is rigid at room temperature38.
3,3'-annelated 2,2'-dipyridine
Estimated Barrier
B. The effects of metal coordination on diazabiaryls - Application of
the metal complexes
Biochemically, the complexes of dipyridyl compounds were employed in the
study of regulation of enzyme activity3942. In the macrocyclic polyethers (Figure
4), two binding sites are present, i.e. the crown ether for binding to alkali or
ammonium ions, and the 2,2'-dipyridyl function for binding to other metal nuclei,
and therefore incorporate the necessary requirements for modelling allosteric
behavior. Chelation of metals at the dipyridyl function (the allosteric site) forces
the aromatic nuclei toward coplanarity, thereby restricting the conformational
freedom of the macrocycle (the active site). Since the binding properties of crown••
ethers are sensitive to changes in conformations, chelation at the dipyridyl site
alters the reactivity of the crown ether part43.
Rate enhancement of elimination and cyclization reaction of certain
3,3'-disubstituted 2,2'-dipyridyl derivatives was also found for the corresponding
Pd(OAc)2 complex 2844, which has been proved to be quite sensitive to
elimination when compared with the free ligand. This dramatic rate enhancement
is attributed mainly to the distortion in the complex toward the elimination prone
conformation. Racemization of 3,3'-annelated 2,2'-dipyridines is accelerated by
coordination with metals. It was discovered that the energy barrier for
racemization of the palladium complex was lowered by 11 kcalmol. This feature
can be explained in terms of the buttressing effects (Figure 5). For complex B,
the metal may force in-plane distortions of the aromatic nucleus in a matter that
substituent bending (and its energy cost) is much reduced45.






Considerable research has been done on the study of the thermodynamic
properties (basicity, stability constants, redox potentials, and polarographic
property), the kinetic information (formatiom, dissociation, and racemization), as
well as spectroscopic properties of the complexes of polypyridyl compounds4555.
These complexes are characterized by elemental analyses, electronic spectra,
infrared spectra, cyclic voltammograms, proton nuclear magnetic resonance
spectra, emission and excitation spectra as well as X-ray crystallographic analyses.
The outstanding character of the UV-visible absorption spectra of these complexes
is the metal-to-ligand charge transfer (MLCT) absorption57,58. Amongst these the
chemistry of tris-chelated complexes of Ru(II) has attracted intensive interest. The
9-4-
most striking photochemical aspect of RuCdpy (dpy = 2,2'-dipyridine), for
example, is its rich photoredoxchemistry59. Being a photosensitizer for the
photo decomposition of water, this complex has found potential utility for photo-
Equation 1.
chemical conversion and storage of solar energy (Equation 1). Another example
is the complex [fac-Re(dpy)(CO)3Br] X (X = CI or Br) 29, which is capable of
photocatalyzing the reduction of CC2 to CO by tertiary aliphatic amines60.
Irradiation of this complex and triethylamine in DMF resulted in photobleaching
of the complex to give the 5-ethyl-2,2'dipyridine complex 30.
In the field of transition-metal complexes, one way to obtain
supramolecular species is via second-sphere coordination, i.e., wrapping up the
complex in an appropriate molecular host. The 1:1 adduct (Figure 6) was
prepared from [Pt(dpy)(NH3)2]+ and dibenzo(30)crown(10) (DB30C10), in
which the complex is encapsulated by DB30C10. This supermolecule exhibits
absorption properties similar to those of the two components, but completely new












Whereas the 2,2'-dipyridines have been widely employed recently, the
2,2'-dipyrazine system was studied as a group of promising acceptor ligands for
7T-electron-rich metal fragments such as Ru(II), Mo(0), and W(0)62'63. The low
basicity typical for such diazines reduces the back-bonding capability of
dipyrazine ligands despite its favorable 7C-acceptor level. The results of the study
of energy and charge distribution of the lower unoccupied molecular orbitals
(LUMO) for the isomeric bidiazine ligands (compounds 31-34) by Hiickel MO•«
perturbation calculation and experimental pare related to the differences in
stabilities, redox potentials, and spectroscopic properties for their respective





















In the study of the effect of the benzo-fusion on the photochemistry of
these complexes, relatively large shifts in the absorption and emission spectra of
[Ru(diq)3](C104)2 [Ru(pq)3](C104)2 (pq = 2-(2'-pyridyl)quinoline)
[0s(diq)3](C104)2 and [OstpqClO'fO brought about by benzo-fusion of
2,2'-dipyridine have been recorded. These behavior might make pq and diq useful
ligands for designing luminescent complexes which will further increase the range
of available donor energies65.
The redox properties of the complexes also have found application in
organic synthesis6670. Thus, treatment of [Ru(2,9-dimethyl-l,10-
phenanthroline)2(H202)]2+CeIV resulted in the formation of the dioxo-RuVI
complex 35 which was found to be an efficient catalyst for the oxidation of
alkenes71.
3. Aim of the present work - Fusion of cyclooctatetraenes and
diazabiarvls
As can be seen, annelation at the 3,3'-position of dipyridine derivatives
may alter the dihedral angle and affects the conjugative interaction between the
two aromatic rings. On the other hand, coordination of these ligands with metal
will generate interesting luminescent properties and will decrease the dihedral
angle of both the aromatic components and the annelating bridge. It is also
assumed that fused benzene rings on the dipyridine nuclei would help to stabilize
the transition state for the inversion process and may therefore serve to sterically
congest the coordinating pocket of the molecule in its syn conformation
simultaneously. Our aim is thus to synthesize the cyclooctadiazabiaryl ligands,
namely cycloocta[2,l-:3,4-Z]diquinoline (cdiq) (36), cyclooctal--Z?']-
di[l,8]naphthyridine (cdin) (37), and cycloocta[2,l-Z?:3,4-Z]dipyridine (cdpy)
(38), in which a COT moiety is combined with a diazabiaryl species (Scheme 1),
and to prepare complexes with these dipyridine compounds in order to study their
























































V. Results and discussion
1. Synthesis of the diazabiaryl compounds
A. Synthesis of cycloocta[2,1-:3,4-,]diquinoline (cdiq 36)
and cycloocta[2,l-Z?:3,4-£,]di[l,8]naphthyridine (cdin 37)
The general approach for the preparation of annelated derivatives of
azaaryl-type compounds has been the Friedlander condensation of a cyclic ketone
or diketone with an appropriate P-amino-oc,p-unsaturated aldehyde72, Thus
the starting materials of choice for the synthesis of our ligands would be the
diketone 39 and the amino aldehydes 40, 41, and 42.
The diketone 39 was prepared from czs,cls-l,5-cyclooctadiene (COD)
(43)73. Oxidation of 43 with hydrogen peroxide and formic acid followed by
basic hydrolysis gave czs-5-cyclooctene-l,2-diol (44) as a colorless oil in 55%
yield. Oxidation of 44 with dimethyl sulfoxide and acetic anhydride afforded
ay-5-cyclooctene-rrarts-l,2-dione (39) as a pale yellow crystalline solid, m.p.
35-36°C (lit73 35-36 °C).
2-Aminobenzaldehyde (40) was obtained from the reduction of
2-nitrobenzaldehyde74. The preparaton of 2-aminonicotinaldehyde (41) was
reported by Majewicz and Caluwe75, Thus, sulfamation of nicotinamide with
ammonium sulfamate provided 2-(3'-pyridyl)pyrido[2,3-d]pyrimidine (46).
Hydrolysis of 46 in 2 N HC1 gave 41 as yellow solid. Hydrogenation of isoxazole
(47) in methanol using Raney nickel as catalyst afforded P-aminoacrolein
(42)76. The physical and spectroscopic data of 39, 40, 41 and 42 are in fall
accord with those reported in literature.
Friedlander condensation of the diketone 39 with 40 was carried out in
absolute ethanol together with catalytic amount of potassium hydroxide. The
reaction mixture was refluxed under nitrogen for 4 h and the condensation
product 48 (63%) was collected on cooling of the solution. Similar reaction of 39
and 41 provided the condensation compound 49 (60%). When the reaction was
carried out under more basic condition and with prolonged reflux, the
6,7-dihydro isomers 50 and 51 (60% and 60%) resulted, respectively due to the
isomerization of the double bond to the conjugative position during the reaction.
In their H-NMR spectra, the four olefinic protons on the eight membered ring in
48 and 49 showed only one multiplet at around S 6.0 owing to the presence of a
C2 axis, whilst these protons in 50 and 51 appeared as one multiplet and one
doublet at 85.8 and 6.6, respectively.
50, X=CH: 51, X=N
Bromination of 48 and 49 with bromine in chloroform yielded
respectively the dibromides 52 and 53 as a mixture of isomers (vide infra).
Dehydrobromination of the dibromides with l,5-diazabicyclo[4.3.0]non-5-ene
(DBN) in dry toluene gave the expected compounds 36 and 37 as colorless
crystals in 67% and 65% yield. While 36 has good solubility in chloroform and
alcohol, 37 is sparingly soluble in these solvents as well as in water and is
moderately soluble in methanol only on heating. The four olefinic protons in both
ligands showed AA'BB' pattern in their H-NMR spectra at 86.18 and 6.83 for
cdiq 36 and 56.21 and 6.91 for cdin 37. The aromatic protons gave resonances at
57.53(m, 2H, H213), 7.70(m, 2H, H312), 7.83(d, 2H, H411, J=8 Hz), 7.97(s,
2H, H5 10), 8.21(d, 2H, H114, J=8.0 Hz) for 36 and 87.52(dd, 2H, H312, J=8.0
•»
Hz, 4.0 Hz), 8.01(s, 2H, H510) 8.21(dd,2H, H411, J=8.0 Hz, 2 Hz), 9.12(dd, 2H,





38, X=CH; 39, X=N
Condensation of cyclooctane-l,2-dione (54) with 2-aminobenzaldehyde
(40) gave the tetrahydrocyclooctadiquinoline 27.
B. Synthesis of cycloocta[2,l-:3,4-Z']dipyridine (cdpy 38)
The yield of the Friedlander condensation of the aldehydes 40 and 41
have consistently been high with diketones37'38. On the other hand, when the
diketone 39 was treated with two equivalents of (3-aminoacrolein in various
solvents, none of the desired dipyridine 61 could be detected. Condensation of the
diketone 607779 or the monoketal 6273 also did not lead to formation of the
condensation products 38 and 63 either. Another approach was therefore
developed to prepare annelated dipyridines utilizing the annelated pyridyl ketone
67 as the key starting material. Compound 67 could be conveniently obtained
from 6536, Although the synthesis of 65 in two steps has been reported36,72, we
discovered independently in our laboratories that direct condensation of
p-aminoacrolein with cyclooctanone (64) in the presence of a catalytic amount of
ammonium acetate and triethylamine (TEA) also gave smoothly the cyclization
product 65 in 20-30% yield.
Condensation of 65 with benzaldehyde in acetic anhydride for 8 days
yielded the a-benzylidene derivative 6636. Ozonolysis of the olefin 66 in
dichloromethane at -40 °C followed by reduction of the ozonide with dimethyl
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The O-allylhydroxylamine hydrochloride 73 was prepared from
hydroxyurethane 718082. Compound 71 was converted to 72, which was not
isolated and was transformed further to 73.
The intermediate oxime 68 was prepared by reacting the ketone 67 and
the allyl ether 73 in refluxing ethanol. The resulted oxime 68 was then sealed in a
pyrex tube and was heated at 180 °C for 52 h. The dipyridine 69 was isolated
(60%) from the reaction mixture by chromatography on silica gel. Bromination
of 69 with 2 equivalents of A-bromosuccinimide (NBS) in carbon tetrachloride
for two hours provided a mixture of the dibromides 70, which was not separated
and was allowed to undergo subsequent dehydrobromination with alcoholic
potassium hydroxide to yield the compound 38 as colorless crystals, mp 194-195
°C. The total yield of this synthetic route starting from (3-aminoacrolein was
merely 1-2%.
The four olefinic protons in 38 showed similar AA'BB' pattern at 86.2
and 6.6 in its H-NMR spectrum, which was similar to those of 36 and 37. The
aromatic region of 38 showed three doublet of doublets at 87.31,7.44 and 8.68,
which are typical of 2,3-disubstituted pyridine derivatives. With now compounds
36, 37 and 38 on hand, we could therefore set out to study their chemistry.
2. Properties of the diazabiaryl compounds
A. Basicity and UV spectra
The coordination effectiveness of the diazabiaryl compounds is a factor
of both the availability of the nitrogen lone pair electrons (basicity)83 as well as
the spatial orientation of these lone pairs with respect to one another37. An
approximate measurement of the a-donor strength is the pa values of the
conjugated acids, i.e., the equilibrium constants for complexation with H+.
It is known that the quinoline ring is significantly more basic (pTa 4.90)
than the 1,8-naphthyridine ring (pal 2.37) but less basic than the pyridine ring
(p£a 5.17). The basicity is also governed by the dihedral angle of the
diazabiaryl compounds36. Since the aromatic moieties in compounds 36, 37 and
38 are of similar orientation, the basicity of these bases should be in the following
decreasing sequence: cdpy 38 cdiq 36 cdin 37. The pa value of cdiq 36
was determined by potentiometric titration. The half-neutralization potential
(HNP) was found to be 329 mv and the pATal was computed to be 3.9083. When
compared with quinoline, diquinoline, and the annelated dipyridines, cdiq 36 is of
the lowest basicity (Table 2). This result is consistent with the rules that the
electronic effect of a 2-substituted-azaaryl group will generally be deactivating
and that the substantially increased dihedral angle will reduce the pvalue of a
diazabiaryl base36.
















aDetermined as half-neutralization potential (HNP) by titration with 0.1 N HClOHOAc
in acetic anhydride. 6 Reference 36.
As in the case of bridged biphenyl, ultraviolet spectroscopy was also used
to evaluate the relationship between the deviation from planarity of the two
covalently bonded aromatic rings and the degree of conjugative interaction in
diazabiaryl derivatives. Again the absorptions are related to the length of the
bridge or the dihedral angle defined by the two azaaryl rings3638. As the bridge
length is increased from one methylene unit to four methylene units in both
dipyridine and diquinoline, the maximum absorptions steadily shift to shorter
wavelengths, a fact which reflects diminished 7c-delocalization resulting from the
concurrent increase in dihedral angle. The absorption maxima of compound 36
was found to be similar to those of the tetrahydro analogue, the
6,7,8,9-tetrahydrocycloocta[2,l-Z?:3,4-']diquinoline (27) (Table 3) and
accordingly a similar dihedral angle should be expected for 36.














































a in ethanol, = cdiq 36, c ref 36
B. Synthesis and mutarotation of 7,8-dibromo-6,7,8,9-
tetrahydrocycloocta[2,l-Z:3,4-']diquinoline (52)
The 3,3'-annelated 2,2'-diazabiaryl compound can have two
stereochemical orientation. If the rings of the molecule are arranged in a right
helical way, it is of R configuration and if the arrangement is of a left helix, it is
defined as S configuration (Figure 7)8485.
Figure 7. Absolute Configuration of 2,2'-dipyridines
In the synthesis of compounds 36, 37 and 38 the dibromides 52, 53
and 70 were involved as intermediates. Since the molecules are rigid at room
temperature36'38 eight isomeric dibromides are possible for each of the olefinic
starting material 48, 49 and 69, i.e. the SSR, RSR, SSS, RSS isomers and their
corresponding enantiomers. For normal rrans-bromination reaction of the double
bond in 48 or 49, two pairs of enantiomers would be resulted, namely the SSR,
RRS, RRR, and SSS enantiomeric dibromides. Each of these isomers contains a Co
axis. The H-NMR spectra of 52 showed two methine proton signals at 54.55 and
5.08, indicating that the bromination product was a mixture of the two pairs of
enantiomeric dibromides in both cases. From the result of model study86, the
absorption at 54.55 was assigned to the methine protons of the SSS and RRR
enantiomers since they lie more closer to the shielding region of the aromatic rings
than those in the RRS and SSR isomers, to which the signal at 55.08 was assigned.
When the rigid molecule 52 becomes mobile at elevated temperature due
to ring inversion, mutarotation between the four isomeric dibromides will be
observed (Figure 8)84. Interconversion between the SSR and SSS dibromides as
well as the RRS and RRR diastereomers will be realized through inversion of the
eight-membered ring, a process which can be recorded by H-NMR spectrometry




Although two spots were detected on the TLC plate of the bromination
product, seperation of the two pairs of enantiomers by means of PLC was met with
difficulty. To stereoselectively prepare the dibromides, the bromination was
carried out in a mixed solvent of tetrahydrofuran and water and at a lower
temperature (Scheme 2). The product thus obtained is still a mixture of dibromides
but with the 5,5,5 and R,R,R dibromides (CHBr signal at 54.55) being the major
product. The ratio between the two pairs of enantiomers changed from about 1:1
when the reaction was carried out at room temperature in chloroform to 6:1 (86%
de) on the basis of H-NMR analysis of the methine proton integration. Essentially
pure (SSSRRR)-52 could be obtained by recrystallization of the 86%
diastereomeric excess product. The structure of (SSSRRR)-52 is supported by its
%-NMR coupling constants (see experimental section).
(R) and (,S) 48
Scheme 2. Selective bromination reaction of 48
A model study revealed that in the electrophilic addition reaction there
are two ways the bromine anion could attack the intermediate bromonium cation:
path (A) will lead to the formation of the SSR and RRS for the R- and 5-48,
respectively; and path (B) will give the RRR and 555 isomers for a mixture of R-
and 5-48 (Scheme 3). As can be seen from Scheme 3, path (A) attack is stericallv
disfavored because of the shielding effect of the aromatic ring. Therefore the path
(B) product, i.e. the RRR and 555 dibromides should be the major one in the
reaction conducted at lower temperature. The polar solvents used in this
bromination reaction might assist the stereoselectivity by stabilizing the
intermediate nonclassical bromonium cation.
%
Scheme 3.
Variable temperature H-NMR spectrometry was performed to study the
mutarotation process of (SSSRRR)-52. Upon heating in DMSO-d, the methine•»
proton signal at 84.55 of (SSSRRR)-52 obtained through stereoselective
bromination began to broaden at 90 °C, suggesting that a slow inversion of the
eight membered ring was in process. When the temperature was raised to 110 °C a
signal of the methine protons began to take shape at about 85.0, indicating that the
molecule was undergoing relatively rapid inversion with respect to NMR time
scale (Figure 9). While the absorption remained to be a broad singlet up to 140 °C
which is the upper limit of the instrument, it is obvious that higher temperature is
necessary for a sharp singlet signal to be observed. Since the change in entropy in
the ring inversion process is negligible7 the energy barrier can be obtained using
the Eyring equation and the coalescence data7. The AG value thus calculated is
approximately 22.5 kcalmol for the mutarotation process. This value is slightly
higer than the barrier of the corresponding tetrahydro compound 27 (vide infra)
owing to the greater steric transition state interaction in the (SSSRRR)-52.
mp
Figure 9. Variable temperature %-NMR of (SSSRRR)-52 in DMSO-dg
C. Synthesis of 7-isopropyl-cycloocta[2,4-Z?']diquinoline (78)
For molecules with a C2 axis or more symmetric elements, measurement
of the conformational energy barrier is frequently accomplished by recording the
dynamic NMR behavior of their derivatives with an isopropyl substituent4,8, 87.
Consequently, by introducing an isopropyl group on to the eight-membered ring
of cdiq 36 to form compound 78, the ring inversion process would be made
observable through variable temperature -NMR spectrometry.
Using the condensation product 48 as the starting material, the iodo
ketone 75 was obtained88, which was converted to the a,(3-unsaturated ketone 76
through dehydroiodination with l,5-diazabicyclo[4.3.0]non-5-ene (DBN). The
alkylation of the eight membered ring was achieved employing the Grignard
reagent 74 (in situ prepared from isopropyl bromide and magnesium metal).
Thus, a solution of 76 in dry tetrahydrofuran was cooled to -78 °C and a solution
of the Grignard reagent 74 was added slowly until a pale-pink color of the
solution persisted. It is important to point out that excess Grignard reagent in this
step must be avoided since otherwise the transformation will be complicated by
side reactions. The resulted solution was then refluxed for 2 h and the product was•»
seperated on a silica gel column. The isopropyl alcohol 77 was obtained in 52%
yield as colorless crystals. Dehydration of 77 with mesyl chloride and pyridine
yielded 7-isopropylcycloocta[2,l-Zr.3,4-Z]diquinoline 78 as colorless crystals. The
H-NMR spectrum of 78 showed two groups of doublets due to the two
diastereotopic methyl groups. The signals of the three olefinic protons appeared at
























It was expected that the barrier to inversion for compound 78 could be
determined by temperature dependent H-NMR signals of the diastereotopic
methyl groups. The only drawback of this study is that the temperature required
for the eight-membered ring inversion must be below 140 °C because this
temperature is the limit of our H-NMR instrument. Thus a sample of 78 in
CDBr3 was heated to 135 °C, and no coalescence of the two groups of doublets of
the methyl. signals was observed and the spectrum remained the same as at room
temperature (Figure 10). From this result it was therefore likely that the lower
limit of the inversion barrier for cdiq 36 should be approximately 24 kcalmol.




Figure 10. H-NMR spectrum of 78 in CDBr
D. Dihedral angle and energy barriers to inversion
Thummel and his coworkers pointed out the interesting linear relationship
between the dihedral angles and the Hj (H14) -NMR absorption for the
3,3'-annelated 2,2'-diquinoline compounds33. The Hi and H14 signals of cdiq 36
appear at 58.21 , suggesting a dihedral angle of approximately 60°, a value simila]
to that of its tetrahydro derivative 27.
X-ray single crystallographic analysis of 36 revealed that the.-dihedral
angle of this molecule is 60° on the COT site (C2-Cl-Cr-C2'), and 63° between
the diquinoline parts (N1-C4-C4'-NT) (Figure 11 and Figure 15). This deviation
from planarity of the rings in cdiq 36 is slightly larger than the dihedral angle of
its carbon analogue (58° on both sites)89. The UV absorption bands also provided
information on the similarity of dihedral angles (Table 4).
Figure 11. ORTEP plot of cdiq 36

























As is known from earlier discussion that dynamic H-NMR technique
was unable to afford information for the energy requirement for inversion of 78,
since the energy barrier is higher than 24 kcalmol. For such cyclic compound
containing a C2 axis as the only symmetric element and with such high energy
barrier, it should be possible to isolate the pure enantiomers (R or S) at room
temperature. Moreover, in these chiral cyclic molecules, ring inversion is also an
enantiomerization process, which can be monitored by thermal racemization of the
individual enantiomers.
Chromatography on swollen microcrystalline triacetylcellulose (TAC) is
an invaluable technique for preparative enantiomeric resolution and has been
employed successfully by Sandstrom and his coworkers in estimating the
racemization barrier for a series of cyclic chiral compounds10. The enantiomers of
the cyclooctadiazabiaryl derivatives 36, 37, and 27 were readily resolved by
column chromatography on TAC in ethanol (experiments conducted by Prof. J.
Sandstrom). The room temperature CD spectra were recorded and the
racemization was monitored by heating the sample in sealed ampoules in a
thermostat. The CD spectra were- recorded in order to show the intensity of the
strong absorption band following each heating. Possessing a somewhat lower
inversion barrier, compound 48 could not be resolved by TAC column. The
inversion process of 48 was recorded by applying the H-NMR bandshape
technique. It can be seen from the results shown in Table 5 that
cyclooctadiazabiaryl compounds containing COT components exhibit the highest
inversion barrier (36: 25.4, 37: 25.3 kcalmol). On the other hand, energy
requirement for the dihydro and tetrahydro derivatives are relatively lower since
inversion of a partially saturated eight-membered ring is easier than twist of a
COT ring. Such consequence is also in full agreement with the behavior of the
dibenzocyclooctene series (see also Table 1).
The barriers for the aza compounds 36, 37 and 48 are ca.5 kcalmol
lower than those of the carbon analogues. This is explicable because of the smaller
space requirement of N: than C-H in the presumably planar transition state.
Addition of HC1 to 36 led to acceleration of the racemization, the rate
enhancement may be due to formation of a bifurcated hydrogen bond: [N:H:N]+ in
the transition state90.
Table 5. Energy Barriers of Ring Inversion




24.5 with 1 eq HC1






planar geometry and C2
geometry
MNDO calculations gave a much higher value for the energy barrier
(33.52 kcalmol) for cdpy 38. Comparison of this molecule with cdiq 36 and cdin
37 indicates that the extra fused aromatic rings of 36 and 37 might help to lower
the energy of the transition state during ring inversion.
3. Synthesis of metal complexes of diazabiaryl compounds
2,2'-Diazabiaryl compounds have been used to prepare complexes with
most of the transition metals including the lanthanide series9194. We have tried to
prepare complexes using the ligands 36, 37 and 38 with the Pd(II), Ni(II),
Fe(II), Mn(IV), U(H), Ru(II), Ru(HI), Cu(H), Cu(I), Zn(II), Hg(II), Mo(0), and
W(0) nuclei in order to obtain coordination products of different coordination
geometries (tetrahedral, square planar, and octahedral) with different oxidation
numbers. Unfortunately, it turned out that only the Hg(II), Zn(II), Mo(0), W(0),
and Cu(I) complexes of cdiq 36 and cdpy 38 are suitable for further analysis.
Complexes of the other metal ions were either insoluble in all the solvents tested
or decomposition resulted in solution. All the complexes of cdin 37 with metal
we used were insoluble in organic solvents as well as in water. Therefore the
study of the metal complexes of cdin 37 was not pursued further.
A. Synthesis of the tungsten(O) complexes W(cdiq)(CO)4 (80) and
W(cdpy)(CO)4 (81)
The tungsten(O) complexes of 3,3'-crown ether annelated
2,2'-dipyridines were reported to be dark red crystals43. When a mixture of cdiq
36 and excess tungsten hexacarbonyl (W(CO)6) in xylene was refluxed under
nitrogen for 3 h, a dark red solution resulted. The product was crystallized by
adding pentane to the reaction solution. Dark red fine needles were formed which
proved to be a mixture of the binuclear and the mononuclear tungsten complexes
W2L(CO)10 and WL(CO)4 (L = cdiq) (79, 80) as in the case of diazines64. When
the ligands cdiq 36 and cdpy 38 were treated with one equivalent of W(CO)6 in



































xylenes for 3 h at refluxing temperature, the mononuclear complexes
W(cdiq)(CO)4 80 and W(cdpy)(CO)4 81 were obtained as dark red crystals in
81% and 53% yield, respectively. Their compositions were confirmed by
elemental analyses (Table 6). These tungsten(O) complexes are soluble in
chloroform, acetone and benzene but are sparingly soluble in ethanol. While the
complexes were quite stable in their crystalline forms, they decomposed to give
greenish-grey solid materials in solution on standing at room temperature for a
couple of days. The H-NMR spectra of the complexes 80 and 81 gave similar
AA'BB' absorptions (80: 85.81 and 6.42 ; 81: 85.28 and 5.60) of the four
olefinic protons of the eight-membered ring in C6D6. The down-field shift of the
signals provided information on the coordination at nitrogen atoms.
Table 7. H-NMR Data for cdiq 36, cdpy 38,
W(cdiq)(CO)4 80, and W(cdpy)(CO)4 81







































































The olefinic protons of the complex 80 showed different shifts in the
H-NMR spectrum in CDC13: the signal of the oc-protons (H6 9) (86.57) was
shifted 0.26 ppm upfield and the p-proton (H7 8) signal (86.45) was shifted
downfield for 0.27 ppm when compared with the free ligand cdiq 36 (a-protons:
§6.83; P-protons: 86.18). However, both signals in complexes 80 and 81 gave
pronounced upfield shift (about 0.6 and 0.4 ppm for the a and P protons) (Table
7) when C6D6 was used as NMR solvent in comparison with cdiq 36 and cdpy 38
(Figure 12). As can be seen in the introductory section, significant up field shift of
the olefinic H-NMR proton signals of the COT moiety is attributed perhaps to
the paratropic contribution due to the flattening of the COT ring. The shifts
observed in the H-NMR spectra of 80 and 81 are therefore likely to be the
result of a dihedral angle reduction in the molecules.
N.
N
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Figure 12. Olefinic resonances of cdpy 38 and W(cdpy)(CO)4 81
in C6D6
In contrast, the protons adjacent to the coordinating metal (Hj_ 14) showed
slightly downfield shift owing to metal complexation. The aromatic proton signalsA ••
of the complexes also appeared at higher field than those in the free ligands in
CD, a similar phenomenon has also been observed for cycloocta[i£lcarbazole
and carbazol22.
B. Synthesis of the molybdenum complex Mo(cdpy)(CO)4 (82)
Although the -H-NMR spectra of the complexes 80 and 81 demonstrated
a decrease of the dihedral angles in the ligands due to complexation with metalX
species, difficulty was encountered in the X-ray single crystal structure analysis of
the tungsten complexes. On the other hand, molybdenum has the same outer
sphere electron configuration as tungsten. The Mo(0) and W(0) complexes should
therefore be of similar geometry, except that the structure of Mo(0) compound





A mixture of cdpy 38 and one equivalent of molybdenum hexacarbonyl
(Mo(CO)6) in xylene was heated to reflux under nitrogen for one hour to give a
deep-red solution. TLC analysis showed a red spot of the product and trace
amount of the starting ligand cdpy 38 in the reaction solution. Although
prolonged heating consumed all the ligand but unfortunately a greyish-green solid
material was also formed, which was believed to be an oxidation product95. This
oxidation product was insoluble in organic solvents and water. After the reaction
mixture has been cooled to room temperature, pentane was added to bring about
crystallization of the Mo(0) complex at lower temperature in a refrigerator. Red
crystals of Mo(cdpy)(CO)4 82 (Table 6) were collected in 74% yield, mp 215 °C
(dec). The complex is soluble in chloroform and benzene, and decomposes
gradually in solution on standing at room temperature.
Table 8. JH-NMR Data for cdpy 38 and Mo(cdpy)(CO)4 82
Compound Solvent 8 ppm































The four olefinic protons (H5 y g) exhibited AA'BB' absorption (86.38
and 6.28) in the H-NMR spectrum in CDCI3. Similar observation of shifting in
the spectrum has been observed again for 82 as was described for the tungsten
complexes (Table 8). The cc-proton signal was shifted towards higher field (Av
0.23 ppm) and the P-proton signal appeared at lower field (Av 0.15 ppm) in
CDCI3. In C6D6, however, both signals (85.60 and 5.33) showed considerable
upfield shift (Av 0.4 and 0.6 ppm for P and a protons, respectively) when
compared with the ligand cdpy 38, suggesting similar dihedral angle reduction as
in the tungsten complexes 80 and 81.
C. Synthesis of the copper(I) complex [Cu(cdiq)2]C104 (83)
The chemistry of copper® and copper(II) complexes of polypyridyl
derivatives has been widely studied96. The copper(II) complexes are usually
prepared using the Cu(II) salts in polar solvents97, while the Cu(I) complexes can
be obtained either by reduction of the Cu(II) complexes or from the Cu(I) salts
directly9'99.
A solution of cdiq 36 and excess Cu(C104)2,6H20 in absolute ethanol
was refluxed for 2 h under nitrogen atmosphere. The color of the solution turned
from green to deep-red during the reaction. Water was then added to the cooled
reaction mixture and on evaporation of the solvent at room temperature red
crystals were formed (67%), mp 205-208 °C. The red bis-ligand copper®
complex (83) is readily soluble in chloroform, acetone and hot ethanol but
insoluble in water.
Another method for the preparation of the Cu(I) complex 83 is by using
the in situ generated CuC104. CuCl and NaC104 were mixed in warm
acetonitrile to give a yellow solution of CuC104, which was added to a solution of
the ligand cdiq 36 in dichloromethane to produce a dark red solution. The solvent
was evaporated and the residue crystallized from 50% ethanol-water to give
31.4% of the product 83. The stmcture of the complex was confirmed by X-ray
crystallographic study {vide infra).
The eight olefinic protons of 83 showed AA'BB' absorption pattern in its
H-NMR spectrum (CDC13) at 86.64 and 6.41. The signal of the a-protons was
shifted 0.19 ppm upfield and the (3-protons 0.23 ppm downfield when compared
with the corresponding signals of the free ligand cdiq 36 (Table 9). Similar result
has already been observed for the tungsten and molybdenum complexes 80, 81,
and 82.
D. The mercury(II) complex 84 and the Zn(II) complex 85
To a solution of the ligand cdiq 36 in absolute ethanol was added a
4
solution of equimolar amount of the appropriate halide (MCI2, M = Hg, Zn) in
ethanol. The resulted solution was kept at room temperature under nitrogen
overnight for crystallization. The crystalline products were collected by filtration
and were washed with ethanol (for the mercuric complex) or with acetone (for
the zinc complex). The complexes obtained are almost quantitative with respect
to the ligand.
84,M=Hg, 85,M=Zn




























7.81 7.48 7.27 7.38 8.01 6.64 6.41
In both complexes, the elemental analyses (Table 10) are in satisfactory
agreement with those calculated for 1:1 (ligand : metal) complexes. The mercuric
complex, Hg(cdiq)Cl2 84, was recrystallized from chloroform to yield colorless
needles, mp 225-227 °C. Complex 84 is slightly soluble in cold ethanol but is
readily soluble in acetone and hot chloroform. The downfield shifts observed for
the aromatic protons (Table 9) in the H-NMR spectrum of this complex indicated
the coordination of the metal with the nitrogen atoms. The slight dihedral angle
change was also demonstrated by the upfield (the a-protons) and the downfield
•«
shifts (the (3-protons) of the olefinic signals as in the cases of the complexes
discussed earlier.

























The zinc(II) complex, Zn(cdiq)Cl2 85, was obtained as yellow granules
on evaporation of the reaction solution, mp300 °C. Complex 85 is insoluble in
all the solvents tested. When the complex was heated in dimethyl sulfoxide-, a
clear solution was produced, the H-NMR spectrum of which indicated that the
complex had decomposed to give the free ligand cdiq 36. Nevertheless, the IR
(KBr) spectrum of this yellow product showed the absorptions of the coordination
compound Zn(cdiq)Cl2: 1448, 1450, 1416, 1360, 1299, 1200, 1140, 1031, 959,
940, 780, 749, and 735 cm-1.
E. Attempted resolution of cdpy
Chromatography on TAC column has been used to resolve effectively the
R and S enantiomers of cycloocta-2,2'-diazabiaryl compounds as can be seen
above. Chemical resolution of these axially dissymmetric ligands should lead to
optically active compounds which can be used for the preparation of optically
active complexes. It is likely that these chiral complexes are invaluable for
catalvtic asvmmetric reactions.
Other than the classical resolution reagents such as optically active acids
and bases, optically active complexes are also under active investigation for
resolution usage. The synthesis and application of a chiral chelate palladium
complex 86 for optical resolution of various phosphines have been
reported100104 . The resolution of di(tertiary phosphine) 87, for example, was
•i
achieved by adding one equivalent of (R)-(-)-86 to a solution of two equivalents
of a mixture of (RR) and (SS) enantiomers of 87. The (R)-(-)-86 selectively
formed precipitate with the (RR)-phosphine while leaving the (SS) enantiomer
complex in solution105. Subseqent demetallation with HC1 and KCN provided
(RR)-88. The chiral complex 86 was later employed in the chiral recognition of
lj'-bi-isoquinoline (89) by Dai and his coworkers85. The molecule 89 is able to
undergo rapid rotation around the covalent single bond connecting the two
isoquinoline moieties. However, its configuration became fixed in the complexes
with (R)- or (5)- 86. Using the (R)-(-)-86, the (RRR) binuclear 90 could be
formed preferentially. With the (5)-(+)-86 the product was (SSS)-90, whose
structure was confirmed by X-ray crystallographic study. The CD spectra of
(RRR)- and (SSS)-90 are mirror images. Together with the information on
•I
specific optical rotation, the conclusion was drawn that they might be single
diastereoisomers85.
Nevertheless the formation of (RRR)- and (iS'6,lS,)-90 suggested the
optically selective possibility in the coordination of the palladium complex 86
with a rigid diazabiaryl ligand. Thus two equivalents of cdpy 38 was added to a
suspension of one equivalent of (R)-(-) or (S)-(-)-86 in methanol in an ice-bath,
respectively. The complexes formed were converted to the perchlorate by adding
sodium perchlorate to the reaction mixture. Light yellow crystals 91 and 92






























The H-NMR spectra of 91 and 92 are completely identical. The
integration of the H-NMR spectra (Figure 13) and elemental analysis results
revealed that they are binuclear complexes. The doubled resonances of each pair
of symmetrically related protons (H2 and Hjj, H3 and Hq, H4 and Hp, H5 and
Hg, etc.) were unexpected. For complex 90, the H-NMR spectra of both
enantiomers were those reminiscent of molecules containing C2 axis, i.e., the
symmetrically related protons showed identical absorptions (one group of quartet
for the two benzylic H and one group of doublet for the two benzylic Me). On the
pessimistic side the complicated H-NMR spectra of 91 and 92 can be explained
%
as due to the absorptions of a mixture of the (RRR) and (RRS) or that of the (SSS)
and (SSR) diastereoisomers. In this case the resolution of (R)- and (S)-cdpy 38
was fruitless. On the optimistic side, it is nevertheless also possible that the single
diastereoisomer is so sterically crowded that the C2 axis no longer exists.
To examine the symmetry property of the reagent 86, the H-NMR






spectrum of 86 was recorded (250 MHz). The resonances of the four iV-methyl
groups gave four singlet signals instead of two as was expected for a molecule
with C2 axis, confirming the deviation of the molecule, however slightly, from C2
symmetry (Figure 13). Lack of the C2 symmetry in the rigid and sterically
crowded complexes 91 and 92 is therefore not unlikely. The change of the
symmetric AA'BB olefinic absorption in the free ligaiid cdpy 38 to the
complicated ABCD system ( around 56.18, on the basis of decoupling experiment;
in the palladium complexes 91 and 92 might also be explained by the absence of
C2 symmetry.
Repeated crystallization of 91 and 92 did not result in the change of the
•H-NMR spectra as well as melting points.
Based on the consideration that the binuclear complex 91 might be
mobile at higher temperature, it was expected that when (RRR)-91 was heated to
its inversion temperature and then cooled to room temperature, a different
•H-NMR snectrum of a mixture of the (RRR) and (RRS)-91 will be obtained
(Scheme 4). If the product of 91 is a mixture of the two diastereoisomers, namely
(RRR)- and (RRS)-91, the same spectmm will be obtained since no change of the
composition of the sample is induced. Unfortunately, no change in the spectrum
of 91 in deuterated bromoform was observed after the sample had been heated to
100 °C and had been subsequently cooled. Higher temperature only led to
decomposition of the sample.
4. Structure and properties of the complexes
A. X-ray structural analysis.
The free cyclooctadiazabiaryl compounds are twisted molecules and their
barrier to racemization were measured to be about 25 kcalmol {vide supra). The
dihedral angle of these ligands can be estimated on the basis of their UV
absorption data, which is a function of the degree of conjugative interaction
between the two aromatic components as in the biphenyl derivatives. The H1 14
resonances in the H-NMR spectra of 3,3'-bridged 2,2'-diquinoline derivatives
also provide information on the deviation of the aromatic rings from maximumi
conjugation {vide supra). The ligands cdiq 36, cdin 37, and cdpy 38 should
have similar orientation with dihedral angle ca. 60°, similar to their tetrahydro
derivatives.
Coordination of metal nuclei to the dipyridine nitrogens brings the two
pyridine rings towards coplanarity and as a result might decrease the dihedral
angles both at the aromatic species and at the butadiene moieties. To achive
maximum coordination, the angle of the N-M-N bonds are requested to be 0°.
X-ray crystallographic studies revealed that the ligands in the complexes
Cu(cdiq)2C104 83 and Mo(cdpy)(CO)4 82 were flattened due to complexation
(Figure 14) as compared to the free ligand cdiq 36.
The dihedral angles are diminished from 63° on the diquinoline moiety
in the free ligand 36 ( Nl-C4-C4'-N2, Figure 11) down to 38° in the Cu(I)
complex 83 and 31° in the Mo(0) complex 82 (Figure 15). The COT moiety
(C2-C1-C1'-C2') is flattened by about 10° compared with the original ligand 36.
Although the dihedral angles are decreased considerably in the complexes,
planarization of the molecules obviously gives way to the high energy barrier for
rotation about the covalent bond connecting the aromatic components. In addition
to this, the poor G-electron donating ability of the nitrogen atoms also does not
contribute much to the planarization of the molecule. The molecules thus remain
twisted in the complexes so that maximum coordination of the metal nuclei with
the nitrogen atoms cannot be achieved.
Figure 14. ORTEP plots of Cu(cdiq)2C104 83 and Mo(cdpy)(CO)4 82
Figure 15. Dihedral angles
B. Simulation study of the H-NMR spectra
In the studies of the presumably coplanar cyclooctatetraene compounds
17-2318-25, significant H-NMR upfield shifts of the olefinic resonances of the
COT rings have always been associated with paramagnetic ring currents and thus
planarization of the eight-membered rings. Similarly, the fact that the olefinic
signals of the complexes 80, 81, and 82 gave, pronounced upfield shifts when
compared with those of the ligands cdiq 36 and cdpy 38 might also be attributed
to the result of the possible paratropic effect in the flattened molecules. Table 11
shows the relative shifts of the olefinic resonances of several
dibenzocyclooctatetraene derivatives in comparison with the shifts of the
compounds obtained by us. The value of upfield shifts in the known planar
molecules range from 0.32 to 0.65 ppm for the (3-protons, and 0.75 to 0.92 ppm
for the a-protons when compared with the model nonplanar
dibenzo[a,c]cyclooctene (6). For cdiq 36, cdpy 38 and their tungsten and
molybdenum complexes, the shifts are accordingly 0.4 and 0.6 ppm (Table 7 and
8).
It is known that the 4-bond coupling constant 4J in a HC=CH-CH
fragment is dependent on the torsional angle § because of the Tt-contribution. The
relationship can be represented as the sum of 4 J (a) and 4J (tt), as is depicted in
Figure 16106. The 4J value can be positive or negative, since 4J (a) has a positive
sign and 4J (tc) a negative one. As can be seen in Figure 16, the curve reaches its
maximum when (|) is 90° or 270°. In the cases with cj)=0° and 180° a large
-contribution to the coupling is consequently involved. On the other hand, due to
the cos2 term in 4J calculation, the re-contribution for d)=90° and 270° disappears
and the 4J value becomes positive due to the large positive a-contribution. To
examine how the coupling constants vary with the angle (j) or the dihedral angle a
(a = 90 ° - (()) in the ligands cdiq 36, cdpy 38, and their complexes, we have to
obtain the values of 4J (or Jar') of these compounds. Since the four olefinic
protons give only rather simple AA'BB' system in the H-NMR spectra,
calculation from the spectroscopic data produces only rough results of the JAB»
value and more accurate information is necessary for comparison purpose. By
using a -NMR spectrum simulation program the coupling constants of the
olefinic protons have been obtained with an error of only ±0.05 to ± 0.1 Hz
(Figure 17) and the data are listed in Tablel2.
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Figure 16. Conformational dependence of allylic coupling'
Figure 17. Simulation of the olefinic proton resonances
compound A: simulated spectruma B: true spectrumb
1 4.~A a,tr,irna B: true spectrumb
cnmnound A • oimn lat-p.H spectrum3-
B: true srectrumb
compound A: simulated spectruma B: true spectrum
amini'mnm intensity: 0.02, line width: 1.00; ref 19, 21, 22,23
Table 12. Coimlins constants of the olefinic resonances
entry compound coupling constants (H2
Tap Tar1
dihedral angle (a
entry compound coupling constants (Hz) dihedral angle (a)
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From the results it can be seen that the JAB values for compounds of
different dihedral angles are of similar magnitude. However, the JAB« data vary
according to the dihedral angle of the COT fragment. For compounds with
dihedral angles of about 60° for the COT moieties, i.e. § = 30°, their JAB»s are
found to be around -1.2 to -1.5 Hz. In the flattened molecule of Mo(cdpy)(CO)4
82, W(cdpy)(CO)4 81, W(cdiq)(CO)4 80, and Cu(cdiq)2C104 83 (dihedral
angle -45 °) , the JAB» values were calculated to be -0.2 Hz to -0.3 Hz. Similar
JAB- have also been calculated for the known compounds (entry 4-7). For the
triflate 104 (vide infra) which bears two positive charges on the cdiq species, the
JAb' was found to be -0.7 Hz. Of great interest is that the JAB« value of the
anionic molecule (entry 7) was computed to be 1.1 Hz which indicates near
coplanarity. The relationship between JAB« value and dihedral angle of this [4n+2]
7t-molecular system fits well with the Sternhell diagram106.
C. Redox property of the copper® complex 83
Of particular significance is the metal-to-ligand charge transfer (MLCT)
absorption of the diazabiaryl complexes. This special feature is usually formulated
as an indication of anion radical ligands (Equation 2). From the 0-0 band
absorption of the complex, obtained from the MLCT absorption and emission
spectra, together with the reduction potential at ground state (GS) of the
molecule, the redox potential of the particular complex at excited state (ES) can
be calculated46.
Equation 2.
The UV-visible absorption spectrum of Cu(cdiq)2C104 83 (see Table 3)
showed absorptions arising from the ligand together with the unique MLCT signal
at 500 nm. The emission spectrum of this complex in dichloromethane showed
maximum at 700 nm and the 0-0 band absorption thus obtained was 630 nm
(Figure 18).
In order to calculate the electrochemical data of the copper® complex
83, the ligand cdiq and Cu(cdiq)2C104 were studied by cyclic voltammetry in
acetonitrile solutions (Figure 19). The complex exhibited reversible reduction
wave in its cyclic voltammogram. The half reduction potential Ey2 °f the
complex in acetonitrile vs. AgNO (0.1M)Ag is 0.61 V. From the difference of
the energy of the 0-0 band absorption (1.97 eV) and the half reduction potential
of Cu(cdiq)2C104 at the ground state (0.61 V), the excited state redox potential of
the complex was deduced to be -1.36
Figure 18. Absorption and emissiom spectra of Cu(cdiq)2Cl04 in CH2C12
Figure 19. Cyclic voltammogram of Cu(cdiq)2CI0 4 83 in acetonitrile
The fact that the copper® complex CuCcdiqClC 83 is a reductant
with a redox potential of -1.36 V at its excited state suggests that quenching of the
charge-transfer excited state of the complex with a suitable electron acceptor
might give rise to electron transfer process107. In the presence of a consumable
electron donor which acts as a reductant to regenerate the Cu(I) complex a
catalytic reaction might be initiated when a mixture of the three is irradiated with
light. 4-Nitrobenzylbromide (93) has been used as a substrate for the reductive
coupling reaction catalyzed by the copper® complex Cu(dap)2+ (dap =
2,9-bis(p-anisyl)-l,10-phenanthroline) (94) to produce 47% of 4-nitro-
bibenzyl107. The redox potential (-1.43 V) of the complex 94 was reported and
the turnover number of the reaction was 30 based on the complex. The electron
transfer ability of complex 83 was thus examined by using the arylmethyl
bromide 95-97 as the substrates and triethylamine as well as diisopropylethyl-
amine as the electron donors. Table 13 Shows the results of these photochemical
reactions. The product is either a mixture of the dibenzyl and the quaternary
ammonium salt (entry 4) or the salt exclusively, (entry 5, 6, 7) (Scheme 5).
We found that the starting material 4-nitrobenzylbromide itself
underwent coupling reaction in the presence of the amine base under irradiation
to give about 10% of the dibenzyl 98 and 40% of the salt 99 without addition of
any catalyst (entry 2, 3). In the presence of the catalyst 83, the yield of the
reductive coupling product was raised to 42-47% in repeated experiments.
Scheme 5.
95-97 9 8 99
Table 13. Results of reductive coupling reaction in CH2C12
under irradiation (X 350 nm) (20 h)
entry compound electron donor catalyst rirnrhirt yield














































For 4-nitrobenzylbromide (95), having absorption in the visible light
energy region, the coupling product was produced probably through the radical
species ArCH2 100 generated upon irradiation of the substrate solution. In this
case triethylamine was functioning as the electron pool. On the other hand, the
bromide 95 could also be attacked nucleophilically by the amine to afford the
ammonium salt 99. The Cu(I) complex as a reductant might help to accelerate the
formation of the radical intermediate by lowering the energy required for the













ArCH2Br + NR3 ArCH2N+R3 Br
99
Cu( I)Cu (II )
D D
Scheme 6.
With 4-chlofobenzyhnethylbromide (96) most of the starting material
was recovered together with 20-30% of the ammonium salt. It seems that 96 is
too weak a electron acceptor for the catalytic reductive coupling reaction to
occur, and since it has no absorption for visible light, formation of the radical by
capturing an electron from other electron donor is impossible under the reaction
condition. Nucleophilic attack of the amine on 96 is the only reaction in this case.
For [3-(2-bromo)-pyridyl]-methylbromide (97) almost all of the substrate was
converted to the ammonium salt because of the electrophilicity of the
m-methylene carbon. Kern and Sauvage's work107 also showed a smaller
bimolecular rate constant for 3-nitrobenzyl bromide than for the
4-nitro-derivative. It was therefore assumed that the electron transfer process and
the nucleophilic reaction are competitive in the aforementioned reactions. In
order to minimize the formation of the salt, the sterically congested
diisopropylethylamine was used as the electron donor. It was found that the yield
of the coupling product of 95 was increased by about 30%. It is important to note
that the complex 83 could be recovered from the reaction mixture after the
irradiation of the solution. The donor property of the amine in the reaction is
clear since no coupling product was detected in the absence of the amine even in
the presence of the catalyst 83 (entry 1).
5. Chemistry of the triflate
Trifluoroacetyl triflate (TFAT) (101) was first reported in 1979108and
was found to be the most powerful and useful among the many
trifluoroacetvlating reagents that have been reported bv virtue of its reactivity
toward several types of nucleophiles under mild conditions109. The molecule
shows marked electrophilicity because the triflate (OTf) group is one of the best
electrofugal leaving group ever known and is also a powerful
eletron-withdrawing group.
This highly electrophilic trifluoroacetylating reagent reacts with
alcohols, ketones, ethers, amines and pyridines to give the corresponding
acetylated products108'109. For example, treatment of pyridine with one
equivalent of TFAT in chloroform gave the acetylpyridinium salt 102. When
dipyridine was allowed to react with one equimolar amount of TFAT, the
product was the trifhioroacetyldipyridinium triflate 103. These pyridinium salts
are sensitive to hydrolysis, so that addition of ethanol at low temperature to the
solution of 102 converted it to ethyl trifluoroacetate.
When a solution of TFAT in dry deuterated chloroform was added
to a solution of cdiq 36 in the same solvent in a NMR tube, orange-red solution
was formed. The orange-red product 104 is extremely sensitive to moisture and
the color of the solution faded immediately when the solution was exposed to air.
To prevent decomposition of the product, the NMR tube was sealed under
nitrogen immediately after the addition of TFAT. The H-NMR spectrum of the
solution at room temperature showed that the four olefinic signals appear at
around 86.55 as a rather simple AA'BB' system (Figure 20). Althougth the
I
chemical shifts of the olefinic protons were temperature dependent, the coupling
constants Qab=H Hz, AB,= Hz) remained the same (Figure 17 and Table
12), presumably indicating that the geometry of the cationic part was not altered
by temperature change. The aromatic region gave similar H-NMR pattern as in
other complexes but with more severe downfield shifts (Table 14).

































When the solution was cooled down to -10 °C or below, the olefmic
region gave a well resolved AA'BB' absorption system (Figure 20), a pattern
expected for a rigid axially symmetric molecule. Due to the introduction of the
Figure 20. H-NMR spectra of 104 at different temperature
in CDCI3 (the olefinic signals only)
diastereotopic tetrahedral carbon atom in the diquinolinium triflate 104 the C2
symmetry axis should have been removed if the cdiq 36 component remains
severely twisted in the salt. If this is tme, a more complicated H-NMR spectrum
should be resulted, i.e. two doublets should be expected for the two magnetically
unequivalent protons, H1 and H14, which are closely related to the asymmetric
center. Nevertheless, the symmetrical absorptions for the protons of the
orange-red diquinolinium triflate 104 at low temperature indicated a rigid
molecule with a symmetry plane, which is true only when the rings of the
molecule are nearly coplanar, at least on the dipyridine site.
Similar to other known compounds in Table 11 the triflate 104
showed orange-red color in chloroform solution. The change of color from
colorless in the free cdiq 36 to the orange-red of the salt could also be taken as an
evidence for the extensive conjugation. The ditriflate 105 and the
dihydrochloride 106 of cdiq 36 were also prepared by adding excess TFAT or
dil. HC1 to the cdiq 36 solution. These salts showed only light yellowish color in
solution and exhibited similar H-NMR absorption (Table 14). These findings
indicate that the color of 104 is not solely the result of salt formation. The
upfield shifts of the a-proton signals from 56.8 in the ligand cdiq 36 to 56.6 in
the cation of 104 also strongly suggested a reduction of the dihedral angles in
104, since inductive effect alone of the electropositive centers would have given
downfield shifts to these protons. From the aforementioned discussion it seems
that the molecule 104 is nearly coplanar at the diquinoline framework and that
the dihedral angle of the eight-membered ring moiety is considerably reduced.
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VI. Conclusion
Similar to their tetrahydro derivatives, the cyclooctadiazabiaryl
compounds cdiq 36, cdin 37 and cdpy 38 are stable colorless crystalline materials
and they serve as ligands to form complexes with metals which are stable mainly
in solid states. One reason for the instability of these complexes in solution can
perhaps be attributed to the fact that they only form weak coordination bonds in
comparison with the corresponding diazabiaryl compounds such as diquinoline,
dinaphthyridine and dipyridine. Since planar geometry is necessary for maximum
coordination between the metal nuclei and the ligand nitrogen atoms, deviation of
the aromatic rings from coplanar orientation may hence lead to weak
coordination bonds in the complexes. As a result, incorporation of a COT moiety
to the diazabiaryl species greatly increases the energy requirement for the
molecule to rotate around the covalent single bond connecting the aromatic rings
and thus prevents the planarization of the ligand molecule during complex
formation.
The complex 91 may be a single diastereoisomer (RRR- orRRS- 91), if
resolution of 38 has been achieved. Alternatively, it may be a mixture of
diastereomeric products (RRR and RRS isomers) if the enantiomeric mixture of
38 has not been seperated in the coordination reaction with R-86. Similarly, with
S-86, the product is expected to be either SSR- or SSS-92 when the resolution is
successful, or a mixture of SSR- and SSS-92 when the chiral palladium complex
86 reacts with R- and S-38 nonstereoselectively. In both cases, the CD spectra of
the coordination products 91 and 92 should always be mirror images. It is
important to note that the CD spectra of the ligand 38 recovered from
demetallation of 91 and 92 may provide definite information on the result of the
resolution. This work however was hindered by the limited quantity of the ligand
38 at this stage and it is hoped that seizable amount of 38 will be accumulated in
due course and values of specific rotation of the demetallation product will be
determined in order to unequivocally confirm the result of this resolution
method. Nevertheless, it is still possible that the complexation product 91 or 92
was formed as a single diastereoisomer on the basis of the unsymmetrical
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absorptions of the olefinic protons in the 1H-NMR spectrum.
For cyclooctadiazabiaryl compounds, the dihedral angle of the COT site
can be estimated from the corresponding olefinic 4J coupling constants. By using
a simulation program, the values and signs of the coupling constants can be
estimated and the relative dihedral angles may be found from the well-known
Sternhell curve. It is believed that the olefinic 4J coupling constants should have a
value larger than 1.0 Hz for a coplanar COT moiety. Furthermore, for a planar
cyclooctadiazabiaryl molecule, it is expected that the olefinic resonances show
significant upfield shift as a result of the paratropic currents. By coordinating
with metals, it is discovered that the molecular frameworks of the
cyclooctadiazabiaryl compounds were flattened when compared with the free
ligands. The dihedral angles were generally reduced in the complexes, especially
on the diazabiaryl sites. The ligand species nonetheless remained twisted in the
complexes and therefore rendered them to show C2 symmetry. In general, the
cyclooctadiazabiaryl compounds are rather rigid at room temperature and thereby
resolution of the ligands prior to complex formation might lead to chiral
complexes containing C2 axis. It is anticipated that further research works on
such chiral complexes possessing C2 molecular symmetry might lead to useful




1. Apparatus and Reagents
2. Preparation of cis-5-cyclooctene-trans-l,2-diol (44)
3. Preparation of cis-5-cyclooctene-1,2-dione (39)
4. Preparation of 2-aminobenzaldehyde (40)
5. Preparation of 6,9-dihydro-cycloocta[2,1-b :3,4-b'] diquinoline (48)
6. Preparation of 8,9-dihydro-cycloocta[2,1-b:3,4-b']diquinoline (50)
7. Preparation of 7,8-dibromo-6,7,8,9-tetrahydro-cycloocta[2,1-b:3,4-b']-
diquinoline (52)
8. stereoselective synthesis of (SSS/RRR)-7,8-dibromo-6,7,8,9-
tetrahydro-cycloocta[2,1-b:3,4-b']diquinoline
9. Preparation of cycloocta[2,1-b:3,4-b']diquinoline (36)
10. Preparation of 1,2-cyclooctanedione (54)
11. Preparation of 6,7,8,9-tetrahydro-cycloocta[2,1-b:3,4-b']diquinoline (27)
12. Preparation of 2-aminonicotinaldehyde (41)
13. Preparation of 6,9-dihydro-cycloocta[2,1-b:3,4-b']di[1,8]naphthyridine (49)
14. Preparation of 8,9-dihydro-cycloocta[2,1-b:3,4-b']di[1,8]naphthyridine (51)
15. Preparation of 7,8-dibromo-6,7,8,9-tetrahydro-cycloocta[2,1-b:3,4-b']-
di[1,8]naphthyridine (53)
16. Preparation of cycloocta[2,1-b:3,4-b']di[1,8]naphthyridine (37)
17. Preparation of f3-aminoacrolein (42)
18. Preparation of 3-bromo-1,5-cyclooctadiene (55) and 6-bromo-1,4-cycloocta,
diene (56)
19. Preparation of 2,6-cyclooctadien-l-ol (57)
20. Preparation of 2,6-cyclooctadien-1-one (58)
21. Preparation of 3,7-cyclooctadiene-1,2-dione (59)
22. Preparation of 4,6-cyclooctadiene-1,2-dione (60)
23. Preparation of cis-5-cyclooctene-1,2-dione mono-ethylene ketal (62)
24. Preparation of 5,6,7,8,9,10-hexahydro-cycloocta[b]pyridine (65)
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25. Preparation of 10-benzylidene-5,6,7,8,9,10-hexahydro-cycloocta-
[b]pyridine (66)
26. Preparation of 5,6,7,8,9,10-hexahydro-cycloocta[b]pyridin-10-one (67)
27. Preparation of hydroxyurethane (71)
28. Preparation of O-allylhydroxylamine hydrochloride (72)
29. Preparation of 5,6,7,8,9,10-hexahydro-cycloocta[b]pyridin-10-one oxime
O -(allyl ether) (68)
30. Preparation of 5,6,7,8-tetrahydro-cycloocta[2,1-b:3,4-b']dipyridine (69)
31. Preparation of 5,8-dibromo-5,6,7,8-tetrahydro-cycloocta[2,1-b:3,4-b']-
dipyridine (70)
32. Preparation of cycloocta[2,1-b :3,4-b'] dipyridine (38)
33. Preparation of 7-iodo-8-oxo-6,7,8,9-tetrahydro-cycloocta[2,1-b:3,4-b']-
diquinoline (75)
34. Preparation of 7-oxo-6,7-dihydro-cycloocta[2,1-b:3,4-b']diquinoline (76)
35. Preparation of 7-hydroxy-7-isopropyl-6,7-dihydro-cycloocta[2,1-b:3,4-b']-
diquinoline (77)
36. Preparation of 7-isopropyl-cycloocta[2,1-b:3,4-b']diquinoline (78)
37. Preparation of cycloocta[2,1-b:3,4-b']diquinoline tungsten(O) tetracarbonyl
(80)
38. Preparation of `cycloocta[2,1-b:3,4-b']dipyridine tungsten(0) tetracarbonyl
(81)
39. Preparation of cycloocta[2,1-b:3,4-b']dipyridine molybdenum(0)
tetracarbonyl (82)
40. Preparation of cycloocta[2,1-b:3,4-b']diquinoline copper (I) perchlorate (83)
41. Preparation of cycloocta[2,1-b:3,4-b']diquinoline mercury (II) chloride (84)
42. Preparation of cycloocta[2,1-b:3,4-b'] diquinoline zinc (II) chloride (85)
43. Preparation of [Pd2(cdpy)L2C1] Cl (91)
44. [Cu(cdiq)2] C1O4 (83) catalyzed reductive coupling of benzyl bromides
45. 4,4'-Dinitrodibenzyl (98)
46. [3-(2-bromo-pyridyl)]methyl triethyl ammonium bromide (100)
47.Trifluoroacetyl triflate (101)
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48. (N,N)-Trifluoroacetyl-cycloocta[2,1-b:3,4-b']diquinolinium triflate (104)
49.(N,N)-Bis(trifluoroacetyl)-cycloocta[2,1-b:3,4-b']dipyridinium ditriflate (105)
50. Preparation of cycloocta[2,1-b:3,4-b']diquinolinium dihydrochloride (106)
1. Apparatus and Reagents
Solvents used were purified by standard procedures. All evaporation of
organic solvents was carried out by a rotary evaporator in conjunction with a
water aspirator.
Proton NMR spectra were recorded on a Bruker Cryospec WM 250 (250
MHzr spectrometer or a Jeol PMX 60SI (60 MHz). spectrometer. The chemical
shift was measured with tetramethylsilane (TMS) serving as internal standard and
deuterated chloroform was used as solvent unless stated otherwise. Mass spectra
were recorded on a VG Micromass 7070F spectrometer. IR spectra were run on a
Jasco A-100 Infrared spectrophotometer. UV absorption spectra were recorded
on a Shimadzu 240 spectrophotometer. Emission-Excitation spectra were taken on
a Hitachi 650-60 Fluorescence spectrophotometer. Cyclic voltammetric
measurements were carried out using a PAR universal programmer model 175, a
potential model 173 and a digital coulometer model 179. Formal potentials were
taken from the mean values of the cathodic and anodic peak potentials at room
temperature with a scan rate of 100 my/sec. The measurements were made against
a Ag-AgNO3 (0.1 M in acetonitrile) electrode with ferrocene as internal standard.
Basicity was determined according to the method of Markgraf and Katt112 by
potentiometric titration with a Radiometer RTS 622 recording titration system.
Elemental analysis was carried out at Shanghai Institute of.Organic Chemistry,
Academia Sinica, China.
Merck silica gel (60 F254) precoated on aluminium sheet was used for
TLC studies and Merck silica gel (70-230 mesh) was used for column




cis,cis-1,5-Cyclooctadiene (50 g, 57 mL, 0.46 mol) was placed in a 1-L
round-bottom flask cooled in an ice bath. A mixture of hydrogen peroxide (33%,
50 mL, 55 g, 0.50 mol) and formic acid (99%, 310 mL) was added with a
dropping funnel at a rate such as to keep the temperature of the reaction mixture
at 40-45 °C (in about 30 min). The mixture was stirred for 5 min at room
temperature and was then heated at 65 °C for 2 h, at the end of which period
peracid was shown to be absent (negative starch-iodide reaction). Formic acid and
water were removed under reduced pressure. The residue was cooled in a ice bath
while a solution of sodium hydroxide (28 g, 0.7 mol) in water (120 mL) was
cautiously added. The mixture was heated on a steam bath for 2 h. Conc
hydrochloric acid (68 mL) was added to make the reaction solution neutral.
Water was removed under reduced pressure and the residue was distilled to give
cis-5-cyclooctene-trans-1,2-diol (44) as a clear, colorless oil (26 g, 39%), bp
110-118 °C (0.55 mm) [lit73 bp 99-100 °C (0.45 mm)]. Mass spectrum: We 142
(M+) IR (liq film): 3400(br, s) 1H-NMR (250 MHz): 51.2-2.8(m, 8H), 3.5(m,
2H), 4.3(br s, 2H), 5.58(t, J= 4 Hz, 2 Hz).
3 cis-5-Cyclooctene-1,2-dione (39)
cis-5-Cyclooctene-trans-1,2-diol (44) (41 g, 0.29 mol), dimethyl
sulfoxide (400 mL, dried over Linde type 4A molecular sieves), and acetic
anhydride (200 mL) were allowed to stand at room temperature for 24 h in a
stoppered flask with stirring. The light yellowish-green solution was poured into
1 N hydrochloric acid (1200 mL) with cooling in an ice bath, and the mixture was
stirred for 40 min at room temperature. The mixture was extracted with
dichloromethane (3 x 200 mL), the dichloromethane solution was washed twice
With water (2 x 200 mL), once with dil. aqueous sodium hydrogen carbonate (200
mL), and dried over anhydrous sodium sulfate. On evaporation of the solvent a
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yellowish-green liquid was obtained which was distilled under reduced pressure
and the distillate, bp 60-72 °C, (0.3 mm) was crystallized from pentane to give
cis-5-cyclooctene-1,2-dione (39) (12.5 g, 33%), mp 35-36 °C [lit73mp 35-36 °C].
Mass spectrum: We 138 (M+) IR (liquid film in CC14): 3045, 2970, 2898, 1755,
1718 cm-1 1H-NMR (60 MHz): 8 2.1-2.8(m, 8H), 5.6-6.0(m, 2H).
4. 2-Aminobenzaldehyde (40)
To a 1-L three necked flask equipped with a thermometer and a
condenser for distillation was introduced water (175 mL), ferrous sulfate
heptahydrate (105 g, 0.38 mol), cone hydrochloric acid (0.5 mL) and
2-nitrobenzaldehyde (6 g, 0.04 mol) in the order given. Then the flask was heated
rapidly to 90 °C with effective stirring and concentrated ammonium hydroxide
(25 mL) was added in one portion. The solution was heated for two min at 90 °C
and conc ammonium hydroxide (3 x 10 mL) was added at a interval of 2 min.
Stirring and heating were continued. The total reaction time was 8-10 min. Steam
was passed to the reaction solution immediately after the addition of the last
portion of ammonium hydroxide. The mixture was steam-distilled as rapidly as
possible to a 250-mL flask immersed in an ice-bath. Two 250-mL fractions of
distillate were collected. The distillates were combined and the solution was
saturated with sodium chloride, and was stirred at 5 °C until precipitation was
apparently completed. The light yellow crystals of 41 were collected by
filtration and dried in vacuo. (3.4 g, 70%), mp 38-39 °C [lit74 38-39 °C]. Mass
spectrum: We 121 (M+) 1H-NMR (250 MHz): 86.18(br s, 2H, NH2), 6.78(dd,
1H, J= 8 Hz, 1.6 Hz), 7.32(dd, dd, 1H, J= 8 Hz, 2 Hz), 7.52(dd, 1H, J= 8Hz, 1.6
Hz), 9.95(s, CHO).
5. 6,9-Dihydro-cycloocta[2,1-b:3,4.b']diquinoline (48)
A solution of cis-5-cycloocten-1,2-dione (39) (1 g, 7.2 mmol) and
2-aminobenzaldehyde (40) (1.76 g, 14.5 mmol), potassium hydroxide (50 mg) in
absolute ethanol (40 mL) was refluxed under nitrogen for 4 h. The solution
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turned to wine-red in color during the reaction. The solution was cooled,
neutralized with 10% hydrochloric acid (0.3 mL) and concentrated to small
volume under reduced pressure. The residue was extracted with chloroform (3 x
40 mL) and the chloroform solution was washed with brine (30 mL). The
solution was then dried over anhydrous sodium sulfate and the solvent was
evaporated. The crude product obtained was recrystallized from ethanol to give
6,9-dihydro-cycloocta[2,1-b:3,4-b']diquinoline (48) (1.4 g, 63%) as colorless
needles, mp 257-258 °C. Mass spectrum: We 308 (M+) Anal.: Calcd for
C22H 16N2: C 85.69, H 5.25, N 9.08 Found: C 85.70, H 5.23, N 9.08 IR (KBr):
3020, 2948, 2800, 1618, 1596, 1485, 1438, 1409, 1138, 1039, 996, 950, 880,
825, 760, 741, 704 cm-1 1H-NMR (250 MHz): 83.10-3.50(m, 4H, H6,61,9,9'),
5.97(m, 2H, H7,8), 7.57(m, 2H, H3,12), 7.73(m, 2H, H2,13), 7.84(d, 2H, H5,11)
J=8.3Hz), 8.05(s, 2H, H5,10), 8.27(d, 2H, H1,14, J=8.3Hz).
6. 8,9-Dihydro-cycloocta[2,1-b:3,4-b']diquinoline (50)
To a solution of 2-aminobenzaldehyde --(40) (0.9 g, 7.4 mmol) and
cis-5-cyclooctene-1,2-dione (39) (0.5 g, 3.6 mmol) in absolute ethanol (25 mL)
was added a solution of potassium hydroxide (0.1 g) in absolute ethanol (2 mL).
The solution was refluxed under nitrogen overnight and a brown-red solution
resulted. The reaction mixture was then cooled. The precipitate thus formed was
collected by filtration and recrystallized from ethanol. 8,9-Dihydro-cycloocta-
[2,1-b:3,4-b']diquinoline (50) was obtained as colorless crystals (0.62 g, 60%),
mp 244-245.5 °C. Mass spectrum: We 308 (M+) Anal.: Exact mass: Calcd for
C22H16N2: 308.1062 Found 308.1058 1H-NMR(250 MHz): 82.5(m, 2H,
H8,81), 2.9(m, 2H, H9,91), 5.75(m, 1H, H7), 6.58(d, J=12 Hz, 1H, H6), 7.58(m,
2H, H2,13), 7.72(m, 2H, H3112), 7.83(d, J=7.2 Hz, 2H, H4,11), 8.01(s, 2H,




6,9-Dihydro-cycloocta[2,1-b:3,4-b']diquinoline (48) (0.31 g, 1 mmol)
was dissolved in chloroform (30 mL). To this was added a solution of bromine
(0.20 g, 1.25 mmol) in chloroform (2 mL) at room temperature over a period of
10 min till a light orange color persisted. The mixture was stirred for one more
hour at room temperature. The solvent was removed and the residue was
crystallized from ethanol to give the dibromides 52 (two. pairs of enantiomers) as
colorless crystals (0.43 g, 92%) mp 208-210 °C. Mass spectrum: We 468 (M+)
Anal.: Calcd for C22H 16Br2N2: C 56.44, H 3.44, Br 34.13, N 5.98 Found: C
56.31,,. H- 3.26, Br 34.06, N 6.03. IR (KBr): 1622, 1600, 1494, 1449, 1418, 1322,
1176, 1142, 1021, 935, 810, 755, 725 cm-1. The 1H-NMR spectrum was rather
complex, see below for spectra of individual isomers.
8.Stereoselective synthesis of (SSS/RRR)-7,8-dibromo-6,7,8,9-
tetrahydro-cycloocta[2,1-b:3,4-b']diquinoline (SSS/RRR)-(52)
A solution of 6,9-dihydro-cycloocta[2,1-b:3,4-b']diquinoline (48)
(31mg, O.lmmol) was dissolved in tetrahydrofuran (4 mL). To this solution was
added water (1 mL) and the solution was cooled on a ice-salt bath to -5 °C. A-
solution of bromine (1 drop from a disposable pipet) in tetrahydrofuran and
water (4:1)(1 mL) was then added slowly to this pre-cooled solution and the
mixture was stirred at -5 °C for half an hour. The solvent and excess bromine
was removed at room temperature under reduced pressure, the residue was
washed with ethanol and dried. The two diastereomeric pairs of dibromides
obtained in this reaction were in the ratio of 6:1 (de= 86%), with the
(SSS/RRR)-dibromide 52, being the major product on the basis of 1H-NMR
spectrum analysis. The product was then dissolved in chloroform. Hexanes were
added to the solution and the mixture was cooled for recrystallization. Essentially
diastereomerically pure colorless crystals of the (SSS/RRR)-dibromides 52 were
collected by filtration. On the other hand, small amount of spectroscopically pure
samples of (SSS/RRR)-52 and (SSR/RRS)-52 could be separated by repeated
chromatography on preparative silica gel plates (ethyl acetate-hexanes, 1:2).
XH-NMR (250 MHz): (SSSRRR)-52 (minor product): 83.18(m, 2H, H69),
3.68(d, 2H, H6.)9s J=15.7Hz), 4.55(dd, 2H, H78, J=8.0Hz, 3.3 Hz), 7.65(m, 2H,
H3,12 7.76(m, 2H, H213), 7.91(d, 2H, H411, J=8.0 Hz), 8.27(s,2H, H510),
8.30(d, 2H, H114, J=8.0 Hz); (SSRRRS)-52 (major product) 53.18(m, 2H,
H6 9), 3.24(d, 2H, H6'9s J=15.2 Hz), 5.08(d, 2H, H78, J=6.0 Hz), 7.65(m, 2H,
H2,i3), 7.76(m, 2H, H312), 7.91(m, 2H, H411), 8.22(s, 2H, H510), 8.30(d, 2H,
Hi i, J=8.0 Hz).
9. Cycloocta[2,l-£:3,4-Z,]diquinoline (cdiq) (36)
A suspension of the dibromide 52 (466 mg, 1 mmol) in dry toluene (10
mT.'l was addp.H tn a solution of 1 A-diazahinvhlo.TOlnnn-S-ene dTRN (0.3 mL.
2.4 mmol) in toluene (10 mL) at room temperature and a clear solution resulted
on stirring of the mixture. The resulted solution was stirred overnight under
nitrogen atmosphere. The solvent was evaporated and the residue was dissolved ink
chloroform (50 mL). The chloroform solution was washed with brine (20 mL),
dried over anhydrous sodium sulfate, and evaporated. The residue was
crystallized from ethanol-ethyl acetate to give colorless crystals which were
recrystallized from ethanol to give the product 36 (205 mg, 67%), mp 272-273
°C. Mass spectrum: me 306 (M+); Anal.: Calcd for 22142' 8(5.25, H
4.61, N 9.15; Found: C 86.36, H 4.56, N 9.12; XH-NMR (250 MHz): 86.18,
6.83(AA'BB', 4H, H7 g, Hg 9, Jg=llHz, Jggi=3.0 Hz, Jg'=-1.5 Hz), 7.53(m,
2H, H2)13), 7.70(m, 2H, H312), 7.83(d, 2H, H411, J=8.0 Hz), 7.97(s, 2H,
H510), 8.21 (d, 2H, H114, J=8.0 Hz); IR spectrum (KBr): 3010, 1620, 1600,
1580, 1558, 1490, 1411, 1140, 1021, 920, 819, 782, 761, 742 cm1; UV(EtOH):




Cyclooctanone (2.5 g, 0.02 mol) was dissolved in dioxane (30 mL). To
this was added a solution of freshly sublimed selenium dioxide (2.4 g, 0.02 mol)
in a mixture of dioxane-water (8 mL) (4:1) at room temperature and the resulted
solution was refluxed for 2 h. The reaction mixture was then stirred at room
temperature for overnight, and filtered. The solvent of the filtrate was removed,
the. residue was distilled under reduced pressure to provide the diketone 54 (1.1g,
57%), bp 68-69.5 °C (3 mm) [lit110 100-102°C]. Mass spectrum: We 140 (M+).
11. -6,7,8,9-Tetrahydro-cycloocta[2,1-b:3,4-b']diquinoline (27)
To a solution of cyclooctanedione (54) (1.4 g, 1 mmol), 2-amino-
benzaldehyde (40) (2.5 g, 2 mmol) in absolute ethanol (30 mL) was added a
solution of potassium hydroxide (20 mg) dissolved in absolute ethanol (2 mL).
The solution was heated to reflux for 4 h under nitrogen. The solvent was
removed and the residue was dissolved in dichloromethane (30 mL) and the
organic solution was washed with water (10 mL). The dichloromethane solution
was dried over anhydrous magnesium sulfate and the solvent evaporated. The
crude product thus obtained-was recrystallized from ethyl acetate to give
colorless crystals of 27 (2.2g, 71%). mp 236-237 °C [lit38 236-237°C]. Mass
spectrum: We 310 (Mt) 1H-NMR (250 MHz): 51.67 (m, 2H), 2.2 (m, 2H), 2.35
(m, 2H), 2.90 (m, 2H), 7.52 (t, 2 H, H312, J= 7 Hz, 8Hz), 7.66 (t, 2H, H2113, J=
8 Hz), 7.80 (d, 2H, H4,11, J= 8 Hz), 8.04 (s, 2H, H5,10), 8.25 (d, 2H, H, J49 J
=8 Hz).
12. 2-Aminonicotinaldehyde (41)
A mixture of nicotinamide (45) (36.5 g, 0.3 mol) and ammonium
sulfamate (52 g, 0.45 mol) was heated on an oil bath at 150: °C in a flask
equipped with a drying tube until a clear melt was obtained. The temperature was
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raised slowly to 200 °C and the heating was continued for 6 h after which the
content of the flask had completely solidified. Water was added and the precipitate
was collected, and washed -with diethyl ether (3 x 20 mL) to remove
nicotinonitrile. The solid material thus obtained was refluxed in 2 N hydrochloric
acid (150 mL) for 4 h, and was then made alkaline by addition of 20% aq sodium
hydroxide (70 mL) and was extracted with ether (3 x 150 mL). The resulting
ether solution was dried over anhydrous potassium carbonate and evaporated to
give pure 2-aminonicotinaldehyde (41) (9 g, 50%), mp 98-99 °C [lit75 mp 98-99
°C]. Mass spectrum: We 122 (M+) 1H-NMR (60 MHz, Me2SO-d 6): 89.96(s,
1H, CHO), 8.33(dd, 1H, J=4 Hz, .2 Hz), 8.08(dd, 1H, J=8Hz, 2Hz), 7.60(br, 2H,
NH2), 6.80(dd, 1H, J=8 Hz, 4 Hz).
13. 6,9-Dihydro-cycloocta[2,1-b:3,4-b']di[1,8]naphthyridine (49)
cis-5-Cyclooctene-1,2-dione (39) (1.38 g, 0.01 mol), 2-aminonicotin-
aldehyde (41) (2.5 g, 0.02 mol), and absolute ethanol (40 mL) was placed in a
three-necked 100-mL flask. A solution of potassium hydroxide (30 mg) in
absolute ethanol (3 mL) was introduced to the above said solution and the mixture
was refluxed under nitrogen for 2 h. The solution turned from light yellow to
brown-red. The reaction mixture was cooled and the precipitate was collected by
filtration. Recrystallization of the crude product from ethanol afforded the
condensation compound 49 as colorless crystals (1.86 g, 60%), mp 300 °C.
Mass spectrum: We 310 (M+) Exact mass: Calcd for C20H14N4, 310.1218
Found 310.1211 Anal.: Calcd for C20H14N4 :C 77.40, H 4.55, N 18.05 Found:
C 77.44, H 4.56, N 18.01 'H-NMR (250 MHz): 53.30(m, 4H. H6,6',9,9')
5.90(m, 2H, H7,8), 7.56(dd, J=7.0 Hz, 5.2 Hz, 2H, H3,12),8.10(s, 2H, H5110),
8.25(d, J=7.0 Hz, 2H, H4,11), 9.19(d, J=5.2 Hz, 2H, H2,13)
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14. 8,9-Dihydro-cycloocta[2,1-b:3,4-b']di[1,8]naphthyridine (51)
cis-5-Cyclooctene-1,2-dione (39) (138 mg, 1 mmol) and
2-aminonicotinaldehyde (41) (244 mg, 2 mmol) were dissolved in absolute
ethanol (40 mL) and a solution of potassium hydroxide (100 mg) in absolute
ethanol (4 mL) was added. The solution was then refluxed under nitrogen
overnight and the precipitate formed on cooling of the reaction solution was
collected by filtration. The product was recrystallized from methanol to give
colorless crystals of the product 51 (186 mg, 60%), mp 280 °C. Mass
spectrum: We 310 (M+) Exact mass: Calcd for C20H14N4 310.12183 Found
310.12212 Anal.:Calcd for C20H 14N4: C 77.40, H 4.55, N 18.05 Found: C
77.38, H 4.57, N 18.03 1H-NMR (250 MHz): 52.52(m, 2H, H8,8'), 3.00(m, 2H,
H9,9'), 5.78(m, 2H, H7), 6.60(d, 12 Hz, H6), 7.58(m, 2H, H3,12), 8.02(s, 1H),
8.03(s, 1H),- 8.22(d, J=7.OHz, 2H, H4,11), 9.16 (d, J=5.OHz, 2H, H2,13)-
15. 7,8-Dibromo-6,7,8,9-tetrahydro-cycloocta[2,1-b:3,4-b'ldi[1,8]-
naphthyridine (53)
To a solution of 6,9-dihydro-cycloocta[1,2-b:3,4-b']di[1,8]naphthyridine
(49) (345 mg,, 0.73 mmol) in chloroform (40 mL) was added a solution of
bromine (120 mg, 0.75 mmol) in chloroform (2 mL) during a period-of 5 min
and a light orange solution resulted. The solution was evaporated to dryness under
reduced pressure. The residue was extracted with hot methanol (5 mL) and
crystals of the dibromide 53 were produced on cooling of the solution (470 mg,
90%), mp 245-247 °C. The product was used for subsequent reaction without
further purification. Mass spectrum: We 470 (M+) Exact mass: Calcd for
C20H14N4Br2, 467.9584 Found: 467.9588. Since the diastereomeric excess of
this bromination reaction is approximately 78%, 1H-NMR (250 MHz) assignments
could be made on the basis of integration: major (more soluble) component of 53:
83.20(dd, 2H, J=15 Hz, 10 Hz), 3.30(d, 2H, J=15 Hz), 5.40(d, 2H, CHBr, J= 10
90
Hz), 7.61(dd, 2H, J=8 Hz, 6 Hz), 8.29(s, 2H), 8.40(dd, 2H, J=8 Hz, 2 Hz),
9.25(dd, 2H, J=6 Hz, 2 Hz) minor (less soluble) component of 53: 53.20(dd, 2H,
15 Hz, MHz), 4.72(d, 2H, J=10 Hz), 4.58(d, 2H, J=10 Hz), 7.61(dd, 2H, J=8 Hz,
6 Hz), 8.29(s, 2H), 8.40(dd, 2H, J=8 Hz, 2 Hz), 9.25(dd, 2H,* J=6 Hz, 2 Hz).
16. Cycloocta[2,1-b:3,4-b']di[1,8]naphthyridine (cdin) (37)
To a suspension of 7,8-dibromo-6,7,8,9-tetrahydro-cycloocta[2,1-b
:3,4-b']di[l,8]naphthyridine (53) (470 mg, 1 mmol) in. toluene (20 mL) was
added a solution of 1,5-diazabicyclo[4.3.0]non-5-ene (DBN) (250 mg, 2 mmol) in
dry toluene (2 mL) and the mixture was. stirred under nitrogen at room
temperature overnight. A clear solution was resulted with some brown sticky
material on the bottom of the flask. After the solvent was removed under reduced
pressure, the residue was separated by column chromatography (basic alumina,
ethyl acetate-methanol 3:1). The product was then recrystallized from methanol
to give the product 37 as almost colorless crystals (200 mg, 65%), mp 300 °C.
Mass spectrum: We 308 (M+) Exact mass: Calcd for C20H12N4 308.10618
Found 308.10580 Anal.: Calcd for C20H12N4: C 77.92, H 3.92, N 18.17 Found:
C 77.80, H 3.60, N 18.60 IR spectrum (KBr): 1605, 1590, 1463, 1451, 1018,
921, 792, 747 cm-1 1H-NMR(250 MHz): 86.21 and 6.91(AA'BB', 4H, H7,8 and
H6,9, J=llHz, 3 Hz, --1Hz), 7.52(dd, 2H, H3,12, J=8.0 Hz, 4.0 Hz), 8.01(s, 2H,
H51101), 8.21(dd, 2H, H4,11, J=8.0 Hz, 2.0 Hz), 9.12(dd, 2H, H2113, J=4.0 Hz,
2.0 Hz) UV(EtOH) 'max nm(log c): 232(4.66), 235(4.63), 325(3.84).
17. f3-Aminoacrolein (42)
A solution of isoxazole (5 g, 0.072 mol) in anhydrous methanol (100
mL) was hydrogenated at 40 psi over Raney Nickel catalyst (1 g) until the
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hydrogen uptake ceased. The catalyst was filtered off and the mixture was
concentrated to small volume. The residue was crystallized from
methanol-chloroform to give f3-aminoacrolein (42) (3.6 g, 70%) as yellowish
product which was dried under reduced pressure, mp 104-105°C [lit76 mp
104-105°C]. Mass spectrum: We 71 (M+) 1H-NMR (60 MHz, D20): 64.65(s, 2H,
NH2), 5.45(dd, 1H, C=CH, J= 12Hz, 10 Hz), 7.58(d, 1H, C=CH, J= 12 Hz), 8.81
(d, 1H, CHO, J= 10 Hz).
18. 3-Bromo-1,5-cyclooctadiene (55) and 6-bromo-1,4-cyclooctadiene
(56)
To a solution of 1,5-cyclooctadiene (3.24 g, 0.03 mot) in 100 ml of
anhydrous carbon tetrachloride was added N-bromo-succinimide (NBS) (5.4 g,
0.03 mol) and benzoyl peroxide (0.029 g).' The mixture was refluxed under
nitrogen for 3 h, cooled to room temperature, and was filtered. The filtrate was
evaporated and the residual liquid was distilled to afford 3 g of the bromide
mixture 55 and 56 (53%), bp 64-78 °C (0.4 mm) [lit77 48-52 °C (0.2 mm)].
19. 2,6-Cyclooctadien-1-ol (57)
A mixture of the bromide 55 and 56 (2.4 g, 0.013 mot) was dissolved in
acetone (25 mL). To this solution was added water (15 mL) and sodium hydrogen
carbonate (2.5 g, 0.03 mol). The mixture was heated at reflux for 2 h and was
kept overnight with stirring. The resulted mixture was filtered and the acetone
was removed under reduced pressure. The aqueous solution was extracted with
diethyl ether (3 x 20 mL) and the ethereal solution was dried over anhydrous
magnesium sulfate. The solvent was removed and the residue was distilled to give
1.3 g of 57 (81%), bp 50-60 °C (0.2 mm) [lit 78 58-60 °C (0.2 mm)].
20. 2,6-Cyclooctadien-1-one (58)
1,5-cyclooctadien-3-ol (57) (4.8 g, 0.03 mol) was dissolved in acetone
(50 mL) and the solution was cooled in ice-bath. Chromium trioxide (4 g, 0.04
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mol) was added with effective stirring followed by the addition of 8 N sulfuric
acid (10 mL) and the temperature of the reaction mixture was- kept below 15 °C
during the period. The solution was decanted and the acetone was removed by
evaporation. The green aqueous solution was poured on to an ice-water slurry and
the mixture was extracted five times with diethyl ether (totally 150 mL). The
product 58 (2.6 g, 71%) was obtained by distillation of the residue after the
solvent was removed, bp 40-44 °C (0.4 mm) [lit 78 42-44 °C (0.4 mm)].
21. 3,7-Cyclooctadiene-1,2-dione (59)
To the solution of 2,6-cyclooctadien-1-one (58) (3.0 g, 0.025 mol) in
tetrahydrofuran (40 mL) was added freshly sublimed selenium dioxide (2.8 g,
0.036-mo1) and the mixture was refluxed for 15 h. The solution was cooled,
filtered, and the filtrate was evaporated. Water (20 mL) was added and the
resulted mixture was extracted three times with dichloromethane (30 mL each
time). The solution was dried over magnesium sulfate and the solvent recovered.
The residue was crystallized from chloroform and diethyl ether to yield yellow
crystalline 59 (1.3 g, 38%), mp 30-31 °C [lit78 30-31 °C].
22. 4,6-Cyclooctadiene-1,2-dione (60)
A solution of 3,7-cyclooctadiene-1,2-dione (59) (2 g, 0.015 mol) in
benzene (40 mL) was mixed with triethylamine (0.6 mL) and the resulted' solution
was refluxed for 12 h. The solvent was evaporated and the product was separated
by chromatography (silica gel, ethyl acetate-hexane, 1:10). Compound 60 was
collected as yellow oil after the solvent was removed and was crystallized from
diethyl ether to produce brownish-yellow needles (1.2 g, 59%), mp 40-42 °C
[lit79 mp 40-42 °C]. 1H-NMR (250 MHz): 52.41(dd, 1H, J=9 Hz, 8.5 Hz),
3.50(dd, 1H, J=11 Hz, 9 Hz), 5.59(ddd, 1H, J=10 Hz, 11 Hz, 8.5 Hz), 6.42(m,
2H), 6.60(m, 2H), 7.12(s, 1H).
23. cis-5-Cyclooctene-1,2-dione mono-ethylene ketal (62)
Ethylene glycol (96%, 28 mL, 31 g, 0.5 mol), and acetone (37 mL, 29.3
93
g, 0.51 mol) was mixed in benzene (100 mL) in a three-necked flask equipped
with a Dean Stark trap. To this was added p-toluenesulfonic acid (0.1 g) and
the solution was refluxed until the separation of water completed. The solution
was subjected to fractional distillation and acetone ethylene ketal was collected (33
g, 65%), bp 91-93 °C [litl 1191.5-93 °C].
cis-5-Cyclooctene-1,2-dione (54) (1.0 g, 7.25 mmol) was dissolved in
acetone ethylene ketal (3.8 g, 36.3 mmol) in benzene (5 ml), and boron
trifluoride etherate (0.3 mL) was added. The mixture was allowed to stand at 25
°C for 5 h and the reaction mixture was poured into aqueous 5% sodium
hydrogen carbonate (10 mL). The mixture was extracted with dichloromethane (2
X 20 mL). The extracts were- shaken with brine, dried over magnesium sulfate
and -evaporate to give a yellow oil. Recrystallization from
dichloromethane-hexane produced off-white crystals (0.33 g, 25%), mp 62-64° C
(lit73 63.5-64.5 .°C). 1 H-NMR (60 MHz): 1.6-2.2(m, 6H), 2.61(m, 2H), 4.01(s,
4H), 5.8(m, 2H).
24. 5,6,7',8,9,10-Hexahydro-cycloocta[b]pyridine (65)
A mixture of cyclooctanone (8.9 g, 0.07 mol), 3-aminoacrolein (42) (5
g, 0.07 mol), anhydrous ammonium acetate (0.5 g, 6 mmol), and triethylamine (2
mL) was heated at 130 °C under nitrogen for 20 h. The resulting solution was
cooled and dissolved in 10% hydrochloric acid (100 mL). The acidic solution was
washed with diethyl ether (3 x 20 mL) to remove unreacted cyclooctanone, and
was neutralized with 20% aqueous sodium hydroxide (55 mL). The aqueous layer
was extracted with ether (3 x 100 mL). The ethereal solution was dried over
anhydrous potassium carbonate, and the solvent was removed. The residue thus
obtained was chromatographed on a column (basic alumina, eluted with ether) to
afford the product 65 as light yellowish oil (2.8 g, 25%), bp 60-70 °C (0.5mm)
[lit72 bp 95-110 °C (3 mm)]. Mass spectrum: We 161 (M+) 1H-NMR (60 MHz):
61.53(m, 8H), 2.79(m, 4H), 6.88(dd, 1H, H31 J= 5 Hz, 8 Hz), 7.20(dd, 1H, H2, J=
94
J=3 Hz, 8 Hz), 8.20(dd, 1H, H4, J= 3 Hz, 5 Hz),
25. 10-Benzylidene-5,6,7,8,9,10-hexahydro-cycloocta[b]pyridine (66)
A mixture of 5,6,7,8,9,10-hexahydro-cycloocta[b]pyridine (65) (3.3 g,
0.02 mol), freshly distilled benzaldehyde (4.3 g, 0.04 mol) in acetic anhydride (5
mL) was heated to reflux with stirring under nitrogen for 8 days. Benzaldehyde,
acetic anhydride, and acetic acid were then removed by distillation under reduced
pressure. The residue was fractionally distilled to give 10-benzylidene-
cycloocta[blpyridine (66) (4.2 g, 83%), bp 160-180 °C (0.5 mm) [lit36 bp
140-160 °C (0.3 mm)]. Mass spectrum: We 249 (M+) 1H-NMR (60 MHz):
51.48(m, 6H), 2.71(m, 4H), 6.49(s, 114, CH-Ar), 7.08(dd, H3), 7.33(br s, 5H, Ar
H), 7.42(dd, H4, J3,4=5.0 Hz), 8.46(dd, H2, J2,3=7.0 Hz, J2,4=1.8 Hz).
26. 5,6,7,8,9,10-Hexahydro-cycloocta[b]pyridin-10-one (67)
A solution of 10-benzylidene-5,6,7,8,9,10-hexahydro-cycloocta[b]-
pyridine (66) (3 g, 0.012 mol) in dichloromethane (150 mL) was treated with a
mixture of ozone and oxygen at -40 °C until the reaction was completed
(monitored by TLC analysis). The dissolved ozone was purged by bubbling
nitrogen through the solution. Dimethyl sulfide (16 mL) was added, and the
mixture was stirred for 0.5 h at -35 °C and then at room temperature overnight.
The solution was washed with water (50 mL), and 5% aqueous sodium hydroxide
(50 mL),, dried over anhydrous potassium carbonate, and concentrated to give a
yellow oil. Chromatography on silica gel (ethyl acetate-hexane 1:1) yielded the
ketone 67 (0.84 g, 40%), bp 120-135 °C (0.5 mm) [lit36 bp 105-110 °C (0.2
mm)]. Mass spectrum: We 175 (M+) 1H-NMR (60 MHz): 81.64 (br s, 6H), 2.78
(br s, 4H), 7.26 (dd, 1H, H3, J= 5 Hz, 8 Hz), 7.55 (d, 1H, H4, J= 8 Hz), 8.44 (d,
1H, H2, J= 5 Hz).
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27. Hydroxyurethane (71)
To a stirred solution of hydroxylamine hydrochloride (7 g, 0.102 mol)
and potassium hydroxide (14 g, 0.101 mol) in ether (60 mL) was added water
(0.8 mL). The mixture was cooled on an ice-bath and ethyl chloroformate (10
mL, 11 g, 0.101 mol) was added over a period of 15 min through a dropping
funnel (with immediate evolution of carbon dioxide). The resulted mixture was
stirred at room temperature for 10 h and was then filtered. The filtrate was
evaporated under reduced pressure and the residue was fractionally distilled to
give hydroxyurethane (71) (4g, 38%), bp 85-95 °C (0.5 mm) [lit80 113-116 °C
(3 mm)] as a colorless liquid. 1H-NMR (60 MHz): 51.3(t, 3H, J =7 Hz), 4.2(q, 2H,
J= 7Hz), 5.2(s, 2H) IR (liquid film): 3300 (br s), 2980, 2940 (sh), 1700 (s),
1490 (br), 1270, 1120 cm-1
28.. O-Allylhydroxylamine hydrochloride (72)
A solution of hydroxyurethane (71) (2.36 g, 0.022 mol) in absolute
ethanol (20 mL) was cooled on an ice-bath and alcoholic potassium hydroxide
(1.3 g, 0.023 mol) solution (20 mL) was added. The resulted mixture was stirred
under nitrogen at room temperature for a few minutes followed by the addition
of allyl bromide (2` mL, 2.71 g, 0.022 mol) while the mixture was again cooled
in the ice-bath. After the ice-bath was removed the solution was refluxed under
nitrogen for 2 h. Potassium bromide thus produced was filtered off and the
solvent was removed. Ether (10 mL) was added to the residue, the ethereal
solution was extracted with 20% aqueous potassium hydroxide (15 mL) and the
basic solution was refluxed for 1.5 h. The hydrolyzed product
O-allylhydroxylamine was steam-distilled into 10% hydrochloric acid solution (20
mL). The solution was evaporared to dryness and colorless crystals were collected
which were recrystallized from absolute ethanol-ether to give the hydrochloride




A solution of cycloocta[b]pyridin-10-one (67) (1.75 g, 0.01 mol),
O-allylhydroxylamine hydrochloride (73) (1.1 g, 0.01 mol), anhydrous sodium
acetate (1.2 g, 0.015 mol), and anhydrous sodium carbonate (1.2 g, 0.01 mol) in
ethanol (40 mL) was refluxed for 2 h. After evaporation of the solvent, the
residue was extracted with chloroform (3 x 30 mL). The chloroform solution was
washed with water (30 mL), dried over anhydrous magnesium sulfate,
concentrated and distilled to give the desired product 68 as a pink oil (2 g, 87%),
bp 130-140 °C (0.3 mm)[1it36 by 130 °C(0.2 mm)]. 1H-NMR (60 MHz): 51.52
(m, 6H), 2.75 (m, 4H), 4.67 (m, 2H), 5.29 (m, 2H), 5.5-6.2 (m, 1H), 7.17 (dd,
1H, H3, J= 5 Hz, 8 Hz), 7.46 (d, 1H, H4, J= 8 Hz), 8.44 (d, 1H, H2, J= 5 Hz).
30. 5,6,7,8-Tetrahydro-cycloocta[2,1-b:3,4-b']dipyridine (69)
A pyrex glass tube (2 cm x 15 cm) containing cycloocta[b]-
pyridin-l0-one oxime O-(allyl ether) (68) (1.0 g, 4.3 mmol) was sealed and
heated at 180 °C for 50 h and the crude product was chromatographed on basic
alumina (eluted with ethyl acetate) to provide 5,6,7,8-tetrahydro-cycloocta-
[2,1-b :3,4-b ']dipyridine (69) (0.6 g, 66%). Recrystallization from chloroform
afforded white crystals, mp 140-142 °C [lit36 mp 140-142 °C]. Mass spectrum:
We 210 (M+) 1H-NMR (250 MHz): 51.53 (m, 2H), 2.11(m, 2H), 2.21(m, 2H),
2.73(m, 2H), 7.29(m, 2H, H3,10), 7.59(m, 2H, H4,9), 8.62(m, 2H, H2,11).
31. 5,8-dibromo-5,6,7,8-tetrahydro-cycloocta[2,1-b:3,4-b']-
dipyridine (70)
A mixture of cycloocta[2,1-b:3,4-b']dipyridine (69) (500 mg, 2.4
mmol), N-bromosuccinimide (850 mg, 4.8 mmol), and benzoyl peroxide (5 mg)
in carbon tetrachloride (40 mL) was refluxed under nitrogen for 4 h. The carbon
tetrachloride solution was cooled and washed with brine (20 mL). The brine
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solution was separated and extracted with chloroform (15 mL). The chloroform
extract was combined with the carbon tetrachloride layer. The organic solution
was dried over magnesium sulfate and then evaporated. The residue was
crystallized from a 1:1 solution of ethanol and ethyl acetate to provide colorless
crystals of a mixture of the dibromide 70 (570 mg, 65%), mp 180-181 °C. Mass
spectrum: We 366 (M+) Exact mass: Calcd for C14H 12Br2N2, 365.93664,
367.93464, 369.93264 Found 365.93797, 367.93765, 369.93806 Anal.: Calcd
for C14H12Br2N2: C 45.69, H 3.29, N 7.61 Found: C 45.33, H 3.01, N 7.56
IR(KBr): 3048, 2930, 1560, 1420, 1322, 1179, 1162, 1084, 1040, 1010, 902,
880, 839, 828, 804, 790, 764, 721 cm-1 1H-NMR (250 MHz): 52.02(m, 2H),
2.3(m, 2 x 2H), 2.6(m, 2H), 4.92(dd, 2H, J= 11 Hz, 9 Hz), 5.36(dd, 2H, J=13 Hz,
5 Hz), 7.39(dd, 2H, J=7 Hz, 5 Hz), 7.49(dd, 2H, J=8 Hz, 5 Hz), 7.78(dd, 2H, J=8
Hz, 1.5 Hz), 8.14(dd, 2H, J=7 Hz, 1.5 Hz), 8.79(m, 2 x 2H).
32. Cycloocta[2,1-b:3,4-b']dipyridine (cdpy) (38)
To a solution of 4,7-dibromo-4,5,6,7-tetrahydrocycloocta[2,1-b:3,4-b']-
dipyridine (70) (100 mg, 0.27 mmol) in tetrahydrofuran (1 mL) and absolute
ethanol(10 mL) was added a solution of 10% alcoholic potassium hydroxide (2
mL). The resulting mixture was refluxed for 2 h and the solution was neutralized
with 10% hydrochloric acid (1.2 mL). The solvent was then evaporated and the
residue was extracted-with chloroform (3 x 20 mL). The chloroform solution was
washed with brine (20 mL), dried over anhydrous potassium carbonate, and
concentrated to small volume. Ethyl acetate (3 mL) was added to induce
formation of colorless crystals of 38. The crystals were collected and further
purified by recrystallization from ethyl acetate-hexanes_ (39 mg, 70%), mp
194-195°C. Mass spectrum, We 206 (M+) Exact mass: Calcd for C14H10N2,
206.08439 Found 206.08621 Anal.: Calcd for C14H10N2: C 81.53, H 4.89, N
13.58 Found: C 81.81, H 4.88, N 13.31 IR(KBr): 1560, 1444, 1418, 1077, 799,
779, 758, 729 cm1; -NMR (250 MHz): in CDCI3:86.13, 6.61(AA'BB', 4H,
5,6,7,8' AB z' AB' =-1.2 Hz, Jgg' =2.5 Hz), 7.31(dd, 2H, H3 q, J34
=7.8 Hz, J2(3 =4.6 Hz), 7.44(dd, 2H, H4 9, J2;4 =1.6Hz), 8.68(dd, 2H, H2n); in
CD: 55.71, 6.20(AA'BB', 4H, 5 5 7 AB= z' AB,= z' BB,=
Hz), 6.64(dd, 2H, H310, J=7.8 Hz, 4.6 Hz), 6.83(dd, 2H, H4 9, J=7.8 Hz, 1.6 Hz),
8.56(dd,2H, H211, J=4.6 Hz, 1.6 Hz); UV (EtOH): Xmax nm (log e): 272(3.66)
33. 7-Iodo-8-oxo-6,7,8,9-tetrahydro-cycloocta[2,l-:3,4-,]-
diquinoline (75)
To a suspension of silver chromate (0.39 g, 1.1 mmol) and 4 A molecular
sieves (0.4 g) in dry dichloromethane (30 mL) were added iodine (0.38 g,1.5
mmol) and a solution of pyridine (0.05 g, 0.6 mmol) in dichloromethane (2 mL)
at 0 °C (ice-bath) and the mixture was stirred for 5 min at the same temperature.
A solution of 6,7,8,9-tetrahydro-cycloocta[2,l-:3,4-h']diquinoline (48) (0.31 g,
1 mmol) m dichloromethane (5 mL) was added dropwise during 5 mm to the••
ice-cooled suspension and the mixture was stirred for 20 min at 0 °C. The cooling
bath was then removed and the reaction mixture was stirred for 3 h at room
temperature. The mixture was suction filtered through celite and the residue was
washed with dichloromethane (10 mL) on the filter. The combined filtrate was
washed with 5% aqueous sodium thiosulfate (30 mL), brine (20 mL), and then
dried over anhydrous magnesium sulfate. After the solvent was removed the
residue was crystallized from chloroform-ethyl acetate (1:1) and the product 75
was collected as colorless crystals (0.23 g, 51%), mp 193-194 °C. Mass spectrum,
me 450 (M+); Anal. Calcd for C22H15N2IO: C 58.66, H 3.36, N 6.22; Found: C
58.16, H 3.05, N 6.11; -NMR (250 MHz): S3.26(d, Hg., J=6.0 Hz), 3.32(d,
H6, J=6.0 Hz), 4.10(d, H9, J=12.2 Hz), 4.98(m, H?), 6.20(d, H9., J=12.2 Hz),
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7.75(m, H2,13,3,12), 7.93(d, H4, J=8.I Hz), 8.03(d, H11, J=8.1 Hz), 8.37(s, H5),
8.37(m, H1,14), 8.39(s, H10).
34. 7-Oxo-6,7-dihydro-cycloocta[2,1-b:3,4-b']diquinoline (76)
A solution of 7-iodo-8-oxo-6,7,8,9-tetrahydro-cycloocta[2,1-b:3,4-b']-
diquinoline (75) (0.25 g, 0.56 mmol) and 1,5-diazabicyclo[4.3.0]non-5-ene
(DBN) (70 mg, 0.56 mmol) in dry toluene (20 mL) was stirred under nitrogen
overnight and the solvent was evaporated under reduced pressure. The residue
was dissolved in chloroform (50 mL). The chloroform solution was washed with
brine (20 mL) and was dried over anhydrous magnesium sulfate. The solvent was
removed and the residue was recrystallized from chloroform-ethyl acetate (1:1)
to yield colorless crystals of the product 76 (90 mg, 50%), mp 275-276 °C. Mass
spectrum, We 322 (M+) Anal.: Calcd for C22H14N20: C 81.97, H 4.38, N
8.69 Found: C 81.97, H 4.18, N 8.69 1H-NMR (250 MHz): 83.90(m, 2H,
H6,6'), 5.99(d, H8, J=12.0 Hz), 7.38(d, H9, J=12.0 Hz), 7.65(m, 2H, H3,12),
7.85(m, 2H, H2,13), 7.88(d, 1H, H11, J=8.0 Hz), 7.92(d, 1H, H4, J=8.0 Hz),




Magnesium turnings (30 mg, 1.25 mmol) and dry tetrahydrofuran (2
mL) were placed in a two-necked 10-mL flask (flame dried) under nitrogen. A
solution of isopropyl bromide (150 mg, 1.21 mmol) in dry tetrahydrofuran (1
,mL) was added through a dropping funnel. The mixture was heated to reflux for
half an hour to give a clear greyish solution of the isopropyl magnesium bromide
(74).
A solution of 7-oxo-6,7-dihydro-cycloocta[2,1-b:3,4-b']diquinoline (76)
100
(0.32 g, 1 mmol) in dry tetrahydrofuran (15 mL) was cooled to -72 °C and to this
was added very slowly a solution of the freshly prepared isopropyl magnesium
bromide (74) solution in tetrahydrofuran until a light pink color persisted
(excess Grignard reagent should be avoided!). The temperature of the solution
was allowed to rise gradually to room temperature and the resulting mixture was
refluxed under nitrogen for 3 h. Saturated aqueous ammonium chloride (5 mL)
was added to the reaction mixture, the upper layer was separated, extracted with
chloroform and the chloroform layer was combined with the carbon tetrachloride
solution. The organic solution was dried over anhydrous magnesium sulfate. The
solvent was removed and the residue was purified by column chromatography
(silica gel, ethyl acetate-hexanes, 1:2) to afford the product 77 (0.18 g, 50%) as
colorless crystals, mp 269-270 °C. Mass spectrum: We 366 (M+) Exact mass:
Calcd for C25H22N20, 366.1732, Found: 366.1730 1H-NMR (250 MHz):
50.97(d, 6H, 2-CH3, J=6.9 Hz), 1.98(m, 1H, CH(CH3)2), 2.86(d, 1H, H6, J=13.9
Hz), 3.07(d, 1H, H611 J=13.9 Hz), 5.61(dd, 1H, H8, J=13.0 Hz, 1.8 Hz), 6.57(d,
1H, H9, J=13.0 Hz), 7.62(dd, 2H, H21131 J=8.5 Hz, 7.8 Hz), 7.77(dd, 2H, H3,121
J=8.5 Hz, 7.3 Hz), 7.87(d, 1H, J=7.8 Hz), 7.90(d, 1H, J=7.3 Hz), 8.05(s, 1H),
8.29(s, 1H), 8.30(d, 1H, J=8.5 Hz), 8.40(d, 1H, J=8.5 Hz).
36. 7-Isopropyl-cycloocta[2,1-b:3,4-b']diquinoline (78)
. 7-isopropyl-cycloocta[2,1-b:3,4-b']diquinoline (77) (37 mg, 0.1 mmol)
was dissolved in dry pyridine (3 mL) and the solution was cooled in an ice-bath.
Methanesulfonyl chloride (30 mg, 0.23 mmol) was added under nitrogen and the
mixture was heated at 100 °C for 2 h. The reaction solution was then cooled in an
ice-bath and water (4 mL) was added. The resulting mixture was extracted with
.chloroform (3 X 15 mL), and the extracts were dried over anhydrous magnesium
sulfate and evaporated. The crude residue was chromatographed on a column
(silica gel, ethyl acetate-hexanes, 1:2) to yield the product 78 which was
recrystallized from ethanol-ethyl acetate to afford colorless crystals (16 mg,
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46%), mp .275-276 °C. Mass spectrum: mle 348 (M+) Exact mass: Calcd for
C25H2ON2, 348.16264, Found 348 16291 1H-NMR (250 MHz): 56.24(d,. 1H,
H8, J=11.0 Hz), 6.59(s, 1H, H6), 6.85(d, 1H, H9, J=11.0 Hz), 7.62(m, 2H, H2,13),
7.80(m, 2H, H3112), 7.90(s, 2H, H5,10), 8.10(m, 2H, H4,11), 8.40(m, 2H, H1,14).
37. Cycloocta[2,1-b:3,4-b']diquinoline tungsten(0) tetracarbonyl
[W(cdiq)(CO)4] (80)
A mixture of cycloocta[2,1-b:3,4-b'] diquinoline (36) (10 mg, 0.03
mmol) and tungsten hexacarbonyl (9.7 mg, 0.03 mmol) in xylenes (137-144 °C)
(3 mL) was refluxed under nitrogen for 2 h and dark red solution was formed.
Pentane (2 mL) was added and the complex 80 was formed as dark red crystals
(11 mg, 81%) on cooling of the solution, mp 198-203 °C. Anal.: Calcd for
C26H 14N204W: C 51.85, H 2.34, N 4.65 Found: C 50.36, H 2.25, N 4.87
1H-NMR (250 MHz): in CDC13: 56.57, 6.45(AA'BB', 4H, H6,7,8,9, JAB=10 Hz,
JAB'=-0.2 Hz, JBB'=3 Hz), 7.73(m, 2H, H2,13), 7.88(m, 2H, H3,12), 7.94(d, 2H,
H4,11, J=8.2. Hz),. 8.09(s, 2H, H5,10)2 9.04(d, 2H, H1,14, J=8.9 Hz) in C6D6:
5.81(d, 2H, H7,8), 6.42(d, 2H, H6,9, AA'BB', JAB= 10 Hz, JAB'=-0.2 Hz, JBB '=3
Hz), 7.25(s, 2H, H5,10), 7.38(m, 4H, H2,3,12,13), 8.40(d, 2H, H4,11, J=8 Hz),
9.04(d, 2H, H11,14, J=7 Hz) IR spectrum (KBr): 1995, 1880, 1860, 1840, 1811,
1482, 776, 742 cmUV(EtOH) 'max nm(log c): 236(4.92), 250(4.86),
310(4.03), 323(4.10).
38. Cycloocta[2,1-b:3,4-b']dipyridine tungsten(O) tetracarbonyl
['W(cdpy)(CO)4] (81)
A mixture of cycloocta[2,1-b:3,4-b']dipyridine (38) (10 mg, 0.05 mmol)
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and tungsten hexacarbonyl (17 mg, 0.05 mmol) in xylenes (137-144 °C) (3 mL)
was refluxed under nitrogen for 2 h and a dark red solution was obtained.
Pentane (2 mL) was added to the reaction mixture and the solution was kept at a
temperature below -5 °C. Dark red crystals of the product 81 were obtained (13
mg, 53%), mp 253-258 °C. Anal.: Calcd for C18H10N2W04: C 43.06, H 2.01, N.
5.58 Found: C 43.60, H 1.91, N 5.41 1H-NMR (250 MHz)(C6D6): 55.28,
5.60(AA'BB', 4H, H5,6,7,8, JAB=11.0 Hz, JAB'=-0.2 Hz, *JBB'=3 Hz), 6.12(dd,
2H, H3,10, J=7.9 Hz, 5.2 Hz), 6.45(dd, 2H, H4,9, J=7.9 Hz, 1.1 Hz), 8.75(dd, 2H,
H2,11, J=1.1 Hz, 5.2 Hz) UV-visible spectrum (EtOH): 'max Mn (log£):
255(4.49), 302(4.07), 395(3.69), 490(3.54).
39. Cycloocta[2,1-b:3,4-b']dipyridine molybdenum(0) tetracarbonyl
[Mo(cdPy)(CO)41 (82)
A mixture of cycloocta[2,1-b:3,4-b']dipyridine (38) (10 mg, 0.05 mmol)
and molybdenum hexacarbonyl (12.8 mg, 0.05 mmol) in xylenes (137-144 °C) (3
mL) was heated at 140 °C under nitrogen for 2 h and the dark red solution thus
formed was cooled to room temperature. Pentane (2 mL) was added and the
mixture was kept at a temperature below -5 °C. Dark red crystals of the product
82 were collected, -mp 215 °C (dec) (15 mg, 74%). Anal.: Calcd for
C 18H l ON2Mo 04: C 52.19, H 2.43, N 6.76 Found: C 52.31, H 2.26, N 6.63
IR(KBr): 2050, 1930, 1900, 1855, 1800, 1408, 800, 780, 732, 712 cm-1
1H-NMR (250 MHz): in C6D6: 55.33, 5.59(AA'BB', 4H, H5,6,7,87 JAB=10.3 Hz,
'JAB'=-0.1 Hz, JBB'=3 Hz), 6.17(dd, 2H, H3910, J=7.8 Hz, 5.2 Hz), 6.48(dd, 2H,
H499, J=7.8 Hz, 1.4 Hz), 8.63(dd, 2H, H2,11, J=1.4 Hz, 5.2 Hz) in CDC13: 56.28,
6.38(AA'BB', 4H, H56677889 JAB=11 Hz, JAB'=-0.2 Hz, JBB'= 3 Hz), 7.37(dd,
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2H, H3,10, J=7.8 Hz, 5.2 Hz), 7.55(dd, 2H, H4,9, J=7.8 Hz, 1.2 Hz), 8.98(dd, 2H,
H2,11, J=1.2 Hz, 5.2 Hz) UV-visible spectrum (EtOH): 7'max Mn (log E):
256(4.05), 280(3.90), 391(3.35), 480(3.14).
40. Cycloocta[2,1-b:3,4-b']diquinoline copper (I) perchlorate
[Cu(cdiq)2C104] (83)
To a hot solution of cycloocta[2,1-b:3,4-b']diquinoline (36) (31mg,0.1
mmol) in absolute ethanol (10 mL) was added a solution of copper(II) perchlorate
hexahydrate (185 mg, 0.5 mmol) in absolute ethanol (3 mL). A brown solution
was obtained, which turned to deep red in color after the solution was refluxed
for half an hour under nitrogen. The reaction was allowed to proceed for 2 h and
the reaction mixture was evaporated under reduced pressure to small volume (-4
mL). Water (1 mL) was added and the solution was then allowed to evaporate
slowly at room temperature and dark red fine needles of the product 83 were
obtained (53 mg, 67%), mp 300 °C Anal.: Calcd for C44H28N4CuC1O4: C
68.13, H 3.64, N 7.22 Found: C 68.75, H 3.63, N 7.10 1H-NMR (250 MHz): in
CDC13: 86.41, 6.64(AA'BB', 4H, H6,7,8,9, JAB=11 Hz, JAB'=-1.5 Hz, JBB'=3
Hz), 7.27(m, 2H, H3 ,12), 7.38(d, 2H, H4,11,J=8.5 Hz), 7.48(m, 2H H2,13)
3COCD3: 86.54,7.81(d, 2H, H1114, J=8.0 Hz), 8.01(s, 2H, H5,10) in CD
6.85(AA'BB', 4H, H6,7,8,9, J=11 Hz, -1.5 Hz, 3Hz), 7.37(m, 2H, H3112), 7.47(d,
2H, H4,11, J=8.4 Hz), 7.55(m, 2H, H2,13'), 7.97(d, 2H, H1114, J=8.0 Hz), 8.30(s,
2H, H5,10) IR spectrum (KBr): 3002, 1616, 1570, 1481, 1380, 1139, 1090, 921,
821, 797, 746, 725 cm-1 UV (EtOH): 'max nm (log c): 236(4.97), 240(4.97),
262(4.98), 337(4.38), 520(2.94) Emission spectrum: X max 700 nm (excited at
520.nm) Half reduction potential: E1/2= 0.61 V (Cull/Cu' vs. AgNO3(0.1
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41. Cycloocta[2,1-b:3,4-b']diquinoline mercury (II) chloride
[Hg(cdiq)C12] (84)
Cycloocta[2,1-b:3,4-b']diquinoline (36) (5 mg, 0.016 mmol) was
dissolved in absolute ethanol (1 mL) with heating. To this solution was added
mercury(II) chloride (9 mg, 0.03 mmol, pre-dried in vacuo) in absolute ethanol
(1 mL) and the mixture was kept at room temperature for 12 h. Colorless crystals
thus produced were collected and washed with absolute EtOH to remove excess
mercury(II) chloride. Recrystallization of the crystals from ethanol gave colorless
needles of 8 4 (8.5 mg, 92%), mp 225-227 °C. Anal.: Calcd for
C22H 14N2C12Hg: C 45.73, H 2.44, N 4.85 Found: C 45.54, H 2.33, N 4.80
1H-NMR: 86.37, 6.72(AA'BB', 4H, H6,7,8,9, JAB=11 Hz, JAB'=-1.5 Hz, JBB1=3
Hz), 7.70(m, 2H, H2,13), 7.88(m, 2H, H3,12), 7.96(d, 2H, H4,11, J=8.0 Hz),
8.18(s, 2H, H5,10), 8.33(d, 2H, H1,14, J=8.0 Hz).
42. Cycloocta[2,1-b:3,4-b']diquinoline zinc (II) chloride
[Zn(cdiq)C121 (85)
Cycloocta[2,1-b:3,4-b']diquinoline (36) (5 mg, 0.016 mmol) and zinc(II)
chloride (5 mg, 0.037 mmol) were dissolved in absolute ethanol (2 mL) with
stirring and the solution was kept at room temperature for 24 h. Yellow granules
were formed during the process. The solvent was evaporated and the excess
zinc(II) chloride was washed off with acetone (2 X 1 mL). The complex 85 was
obtained (6.5 mg, 90%), mp 300 T. It was found out that the complex was
insoluble in the common NMR solvents. Anal.: Calcd for C22H 14N2C12Zn: C
59.70, H 3.19, N 6.33, Cl 16.02 Found: C 58.88, H 3.04, N 6.14, Cl 16.78 IR
spectrum (KBr): 1488, 1450, 1416, 1360, 1299, 1200, 1140, 1031, 959, 940, 780,
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749, 735 cxri-1.
43. [Pd2(cdpy)L2C1] Cl (91)
To a suspension of R,R-86 (or S,S-86) (samples kindly provided by
Prof. Li-Xin Dai of the Shanghai Institute of Organic Chemistry, Academia
Sinica) (7 mg, 0.012 mmol) in methanol (1 mL) in a 5-mL flask at -3 °C was
added a solution of cycloocta[2,1-b :3,4-b']dipyridine (38) (5 mg, 0.024 mmol) in
methanol (1 mL) and the mixture was stirred in an ice-bath for 2 h. To the nearly
colorless solution was then added sodium perchlorate monohydrate (7 mg, 0.05
mmol) and the solution was stirred for another half hour. Ether (1 mL) was
added to the reaction mixture after the ice-bath was removed. Light yellow
crystals of the product 91 (almost quantitative from 86) were obtained on
cooling of the reaction mixture. The product was washed with water and was
recrystallized from methanol-diethyl ether, mp 198-200 °C. Anal.: Calcd for
C34H38N4Pd2C12O4: C 48.02, H 4.50, N 6.59 Found: C 47.15, H 4.75, N 6.45
1H-NMR (250 MHz): 81.14(d, 3H, CH3, J= 6.6 Hz), 1.48(d, 3H, CH3, J =.6.5
Hz), 2.34(s, 3H, NCH3), 2.50(s, 3H, NCH3), 2.53(s, 3H, NCH3), 2.84(s, 3H,
NCH3), 3.54(q, 1H, ArCH, J= 6.5 Hz), 3.70(q, 1H, ArCH, J= 6.5 Hz), 5.51(d,
1H, ArH, J= 7.8 Hz), 5.63(d, 1H, ArH, J= 7.1 Hz), 6.18(m, 4H, cdpy-H5,6,7,8),
6.69(m, 2H, ArH), 6.78(m,. 2H, ArH), 6.96(m, 2H, ArH), 7.80(m, 4H,
cdpy-H3,4,9,10), 9.13(dd, 1H, cdpy-H2, J= 5.1 Hz, 1.6 Hz), 9.19(dd, 1H,
cdpy-H11, J= 6.9 Hz, 1.5 Hz).
44. [Cu(cdiq)2] C 10 4 (83) catalyzed reductive coupling of benzyl
bromides
A mixture of the bromide, [Cu(cdq)2] C104, and the base (triethylamine
or diisopropylethylamine) in the molar ratio of 144: 1: 1270 in strictly
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deaerated- dichloromethane was irradiated with a sunlamp (500w, 2 350 nm)
under nitrogen for 12 h. The solution turned from light yellow to brown in color
during the reaction. The dichloromethane solution was washed with brine, dried
over anhydrous magnesium sulfate, and the solvent was removed. The residue was
separated on a silica gel column using ethyl acetate-hexanes (1:2) as the solvent.
45. 4,4'-Dinitrodibenzyl (98): mp 183-184.5 °C (C6H6). Mass spectrum,
We 272 (M+), 136. 1H-NMR (250 MHz) '83.08 (s, 4H, 2CH2), 7.28 (d, 4H, ArH,
J=8.0 Hz), 8.19 (d, 4H, ArH, J=8.0 Hz).
46. [3-(2-bromo-pyridyl)]methyl triethyl ammonium bromide (100)
1H-NMR (60 MHz): S 1.47 (t, 9H, 3CH3, J= 6.5Hz), 3.71(q, 6H, 3CH2),
5.12(s, 2H, ArCH2), 7.47(m, 2H, ArH), 8.59(m, 1H, ArH).
47. Trifluoroacetyl triflate (101)
A mixture of trifluorosulfonic acid (3 mL, 5 g, 0.033 mol), and
trifluoroacetic acid (5.1 mL, 7.6 g, 0.067 mol) was added to a mixture of
phosphorus pentoxide (14.2 g, 0.1 mot) and fine sand (20 g) at -12 °C. The slurry
was thoroughly shaken and kept at room temperature for 3 h. The product was
distilled (the final temperature of the heating mantle was 240 °C) and separated by
fractional distillation from 2 g of phosphorus pentoxide to yield 101 (4.5 g,
60%), bp 62-62.5 °C (lit108 62-62.5 °C).
48. (N,N)-Trifluoroacetyl-cycloocta[2,1-b:3,4-b']diquinolinium
triflate (104)
To a deuterated chloroform(1 mL, freshly distilled from phosphorus
pentoxide) solution of cycloocta[2,1-b:3,4-b']dipyridine (36) (2.1 mg, 0.01 mmol,
pre-dried in vacuo overnight) in a flame dried NMR tube was added under
nitrogen one drop of the solution of trifluoroacetyl triflate (TFAT) (about 5%
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v/v) in dry- deuterated chloroform. An orange red solution resulted and the NMR
tube was sealed immediately under nitrogen atmosphere. 1H-NMR (250 MHz): (at
22 °C) 56.55(s, 4H, H6,7,8,9), 7.95(m, 2H, H3,12), 8.14(m, 2H, H2,13), 8.42(d,
2H, H4,11, J=7.6 Hz), 9.01(d, 2H, H 1, 14, J=8.8 Hz), 9.24(s, 2H, H5,10).
49. (N,N)-Bis(trifluoroacetyl) -cycloocta[2,1-b:3,4-b'] dip yridinium
ditriflate (105)
Pre-dried cycloocta[2,1-b:3,4-b']dipyridine (36) (2.1 mg, 0.01 mmol)
was dissolved in 1 mL of freshly distilled (from phosphorus pentoxide) deuterated
chloroform in a dry NMR tube and to this was added under nitrogen 5 drops of
the above mentioned TFAT solution in chloroform-d. A yellowish solution
resulted and the NMR tube was sealed at once under nitrogen. 1H-NMR (250
MHz): 6 6.49(d, 2H, H7,8, J =10Hz), 7.08(d, 2H, H6,9, J= 10 Hz), 8.07(m, 2H,
ArH), 8.23(m, 4H, ArH), 8.51(m, 2H, ArH), 8.56(s, 2H, H5,10)•
50. Cycloocta[2,1-b:3,4-b']diquinolinium dihydrochloride (106)
To a solution of cycloocta[2,1-b:3,4-b']diquinoline (36) (6.2 mg, 0.02
mmol) in methanol (1 mL) was added 10% hydrochloric acid (0.2 mL). The
dichloride 106 was obtained as light yellow crystals (quantitative), mp
254-255 °C. Anal.: Calcd for C22H 16N2C12: C 69.70, H 4.25, N 7.39 Found: C
69.70, H 4.24, N 7.40 1H-NMR (250 MHz) (CD3OD): 56.48, 7.00(AA'BB', 4 H,
H6,7,8,9, JAB=11 Hz) JABS= -1.5 Hz, JBB'=3 Hz), 7.92(m, 2H, H2113), 8.08(m,
2H, H3112), 8.22(d, J=7.2 Hz, 2H, H4111), 8.28(d, J=5.2 Hz, 2H, H1,14), 8.70(s,
2H, H5,10) UV(EtOH) 'max nm(log c): 251(4.42), 342(3.76).
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